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Preface 


In recent years there has been a rapid increase in interest in the 
role of heredity in human behavior. A number of psychologists, 
psychiatrists, and ethologists are engaged in studies designed to add 
to the presently meager information. A common characteristic of 
these investigators is their desire to move beyond the stage of the 
fruitless and outdated controversy concerning the importance of 
“nature” as opposed to “nurture.” Instead they wish to study how 
heredity and environment jointly operate to produce the observable 
phenotypes. Several psychologi 


s, collaborating with appropriate 
consultants, decided that the time was right for examining the 
trends in research in behavior genetics in man and for a critical 
review of methodology. 

This volume is the first result of such a study. In planning the 
volume it was kept in mind that some of the methods and findings 
of biochemical genetics, anthropological genetics, and animal be- 
havior genetics are highly relevant to human behavior genetics. 
Goals similar to those of this volume are met at a less advanced 
level by Fuller and Thompson’s Behavior Genetics.° Much rele- 
vant research on humans has been done since that book was pre- 
pared, especially with twins, so that a consideration of research 
methods focused on human behavior genetics seemed worthwhile. 

This volume was planned to be of interest to two types of read- 
ers. First of all it provides information for psychologists who are 
interested in the genetics of personality and ability. It is hoped that 
the volume will, in addition, be of some value to geneticists who 
are desirous of knowing about recent attempts by psychologists to 
study hereditary factors in human behavior. The emphasis through- 
out the book is on methods rather than on results. It is hoped that 


° John L. Fuller & W. Robert Thompson, Behavior Genetics. New York: 
Wiley, 1960. 
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a later volume may be devoted to a presentation of findings from 
several research programs with an aim to integrate and interpret 
these findings. 

The contributions to this volume are in some cases similar to 
papers presented during a meeting held in Louisville where this 
volume was planned, while the comments following these papers 
are based on tape recordings of the ensuing discussions. In editing 
these discussions, a compromise was sought which would preserve 
the lively flavor of the original exchange of ideas but avoid the lack 
of precision and occasional repetitiveness of such discussions. At 
times the order of specific comments was changed to enhance the 
logical progression of the ideas presented. 

The Louisville meeting was supported by a grant from the Na- 
tional Institutes of Mental Health (MH 07708). I wish to acknowl- 
edge the help and thoughtful suggestions of Dr. Francis J. Pilgrim, 
both during the planning of the meeting and the preparation of this 
volume. I am indebted to the audiovisual service of the University 
of Louisville for the tape recordings. Mrs. “Mickey” Gliessner did a 
painstaking job in transcribing the tapes and patiently typed several 
versions of the papers and discussions. The many comments by the 
participants on their own and each other's papers were a great help 
in the editorial task. Drs. Gardner Lindzey and John Fuller served 
as discussion leaders and kept the participants oriented toward the 
goals of the meeting. Mrs. Elsie Long and Mr. Maurice LeCroy 
assisted with many arrangements, while Dr. Ann Schwartz, assisted 
ably with the editing and correspondence with the authors, espe- 
cially during my absence for several months due to illness. Thanks 
to her, progress was maintained in spite of this setback, 


June, 1965 STEVEN G. VANDENBERG 
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Biochemical Genetics and Gene Action 


H. Eldon Sutton 


Biochemical genetics has become a very broad subject, and the 
concepts of gene action are changing rapidly. Consequently, certain 
aspects of gene action which could play a role in psychological var- 
iables will be outlined briefly although the connections may not be 
too obvious at the present time. 

The action of genes may be roughly divided into two attributes— 
the quantitative and the qualitative. Knowledge of the qualitative 
effects of gene action date approximately from the demonstration 
by Ingram (1956) that mutant hemoglobins differ in their pro- 
tein structure by single amino acid differences. This was a major 
milestone in understanding gene action. The specific amino acid 
sequence in one of the two identical half molecules of hemoglobin 
is 287 units long, and a single amino acid substitution accounts for 
the differences that have been found. Since the original discovery, 
the amino acid sequence of a number of hemoglobins has been ana- 
lyzed in detail, and, with rare exceptions which actually are not 
exceptions to the hypothesis, all are found to differ by a single 
amino acid substitution as shown in Table I. 

The method by which the primary structure of proteins is spec- 
ified has also yielded to investigation during the past 6 or 7 years. 
There are still some mysteries surrounding protein synthesis, but 
the major outline of the scheme seems fairly clear. It is well estab- 
lished that DNA (deoxyribonucleic acid) is the chemical substance 
which transmits genetic information from one cell to another. Pro- 
teins, such as hemoglobin and enzymes, are the agents which 
ultimately express gene action by catalyzing biochemical reactions 
within cells, hemoglobin, for example, being concerned with oxygen 
transport. How does the information in DNA become expressed 
in terms of protein structure? Ribonucleic acid (RNA) appears to 
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be the intermediary. There are several types of RNA, each of which 
has its unique function. The DNA of the nucleus directs the synthe- 
sis of an RNA fraction called “messenger” RNA (mRNA), which 
contains the genetic information specifying the amino acid 
sequences. The messenger RNA appears to be transferred to the 
cytoplasm where it forms complexes with ribosomes (Fig. 1). 
Ribosomes are particles composed of a second type of RNA. A third 


S O- AMP]-En | 
7 \ aie 7 hn 
ATP pp aming acid B 

transfer 

a RNA 


tat mM 
a ee, eet et 
Ribosomes mRNA 
Fic. 1. Diagram of protein synthesis showing association of messenger RNA 
with ribosomes and alignment of the transfer-RNA-amino-acid complexes on 
the messenger RNA (from Sutton, 1965). 


fraction of RNA is called “soluble” RNA (sRNA), or more com- 
monly “transfer” RNA. The three fractions of RNA function ap- 
proximately as follows: The messenger RNA carries the genetic 
information in the DNA to the cytoplasm where it serves as a tem- 
plate for the specific alignment of amino acids. The ribosomes 
appear to be production sites for protein synthesis. They do not 
seem to control the structure of the protein synthesized and may 
only provide the necessary configuration for the other elements 
and enzymes essential to the process. The soluble RNA is a small 
Piece of RNA. There is a whole series of these soluble RNAs, each 


4 H. ELDON SUTTON 


of them complexing with a specific amino acid. This activated com- 
plex is required for alignment of the amino acids on the messenger 
template. Once they are aligned, the amino acids are polymerized 
to form a long polypeptide chain, which folds to become the native 
protein. Ribosomes appear to have a long existence in the eyto- 
plasm. (I might add that they also appear in the nucleus.) Their 
origin is not known, although they are present in every cell and 
their structure appears to be specified by the nucleus. Messenger 
RNA is ordinarily a very short-lived substance. It is thought to 
function perhaps for several polypeptide chains, but it is destroyed 
rapidly. Soluble RNA apparently recycles. Its origin is also some- 
thing of a mystery, particularly since it contains some rather un- 
usual components for RNA. This picture, although very brief, 
includes much of what we know about the transfer of information 
from the genetic material to the final protein product. ; 
More relevant to psychologists, perhaps, are the quantitative ef- 
fects observed in gene action. Several recent discoveries suggest 
models of how genes may act quantitatively. We know for example 
that most genes do not act most of the time. If this were not so we 
would not have the differentiation of cells necessary for the devel- 
opment of various organs and tissues. Hemoglobin, for example, is 
not synthesized in most cells; it is synthesized only in very special 
cells. Most other proteins are synthesized in cells of special tissues. 
Since all nuclei and their chromosomes are derived from a single 
zygote, it seems clear that there must be mechanisms for re 
the activity of genes. The clearest model for the 
individual genes is based upon studies by Jacob and Monod (1961) 
of two structural genes. Figure 2 summarizes the model which has 
emerged from these very elegant studies on the enzyme f- 
galactosidase from the bacterium Escherichi coli. This enzyme, 
which can be detected only if substrate or substrate } 
present in the growth medium, has its structure specified by what 
we might call structural gene A. This structur 4 
to the structural genes of hemoglobin, only in this case the informa- 
tion specifies the amino acid Sequence of £-galactosidase, In the 
B-galactosidase system there is a second gene located adjacent to 
gene A. It specifies the structure of an enzyme which is responsible 
for the uptake of galactosides into the cell. I have designated this 
second gene structural gene B. These structural genes direct the 
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synthesis of messenger RNA, which serves as a template in the 
cytoplasm for specific synthesis of these two proteins. Jacob and 
Monod also detected mutations influencing the ability to produce 
these enzymes which were not mutations in the structural loci. One 
of these sites they have called the regulator gene. The regulator 
gene is not closely linked to the two structural genes on the E coli 
chromosome. In other organisms, regulator genes or what appear to 
be regulator genes may be on different chromosomes than the genes 
they are regulating. The regulator gene apparently synthesizes or 
directs the synthesis of a repressor substance which can inhibit the 


OPERON 
i 7 
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Regulator Operator A B 


a Repressor a ; } 
GODLY POWmmr~r—rv~v 
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Fic. 2. Diagram of the relationships of structural and regulator genes accord- 
ing to the hypothesis of Jacob and Monod. A diploid cell is indicated. Muta- 
tion of an operator on one chromosome (indicated by asterisk) may lead to 
lack of repression of the structural genes which are part of the same operon. 
This results in uncontrolled synthesis of messenger RNA (from Sutton, 1965). 


activity of the structural genes, A and B. If the repressor does have 
this very specific action there must be a site for this action. Mutations 
were located adjacent to the structural genes which showed the 
characteristics predicted for the site of action for repressor. This lo- 
cation has been termed the operator, Whether the operator is a 
separate gene or not is yet to be resolved, but at least it is part of 
the genetic region of the structural genes. The unit of operator 
plus structural genes has been given the designation “operon.” The 
nature of the repressor substance is uncertain. Combination of 
repressor with operator turns the structural genes off; if the re- 
pressor is not combined with the operator the structural genes are 


turned on, This off-on switch is influenced from the environment 
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(cytoplasm) by two types of substances called ee 
effectors. A co-repressor is a substance which enhances the i nage 
of the repressor as part of a negative feed-back ystem. ee 
systems the co-repressor may be the end product of an ia He 
sequence; this end product acts with the repressor to shut @ ad 
synthesis of inducible enzymes. Actually it is not known whet - 
it is the product itself which does this, we only know that Kir fo : 
of end product enhances the activity of the repressor, The effect : 
is a substance which inhibits the complex of the repressor and op 
erator and therefore turns on structural genes. Such is the case 
with induced eng 


ymes when a substrate or substrate analog 1s 
present. The effector combines with the repressor; the repressor 2 
thereby inactivated; and the structural genes function to produce 
enzyme. This may seem a complex system, but it explains very well 
how genes may be turned off and on depending upon the apne 
mental circumstances. This system has been studied in detail only 
in a few systems. However, there is evidence that it is valid for 
other microorganisms and it explains much of what we know cau 
such systems in higher animals. It is, of course, easier to manipulate 
the environment of a microorganism than cells in a higher organism, 
so our knowledge of these systems is limited at the present time. 
However, using tissue culture, we 

such mechanisms are in the bioche 
organisms. 


may soon know how extensive 
mistry of man and other higher 
A second mechanism for influe 


genes has recently bee 
man. This mech: 


ncing the quantitative action ol 
n discovered in higher organisms, including 
anism involves inactivation of 
entire, chromosome. Our know 
tions of the X chromosome. 
tion why females with tw 
chromosome are re 
which h 


an entire, or almost 
ledge is based solely on observa- 
It has long been a matter of specula- 
© X chromosomes and males with one * 
latively similar to each other in sex-linked traits 
ave nothing whatsoever to do with either primary or sec- 
ondary sex characteristics, After all, dosage effects are a well- 
known genetic phenomenon. Those of us who are biochemists were 
really not too uncomfortable about this because the feedback 
mechanisms could account for it, but fortunately this did not deter 
worrying. As a result we now have 
can be inactiy 
Several lines of e 


some other experimenters from 
rather good evidence that there ation of a large por- 
tion of an X chromosome. 


vidence support. this 
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hypothesis (Lyon, 1962). In cytological preparations from females, 
but not normal males, one can demonstrate a substance in the nu- 
cleus called the sex-chromatin body (Barr & Bertram, 1949). This 
is a DNA-containing structure next to the nuclear membrane. It 
has been followed rather carefully cytologically, and under some 
circumstances it appears to be a condensed X chromosome. A sec- 
ond line of evidence comes from. studies of the action of genes 
controlling coat color in mice (Russell, 1961). Genes which behave 
quite regularly in dominance relationships while in autosomal posi- 
tions show a variegation effect when translocated to the X chro- 
mosome. For example, in heterozygotes, while some tissues or areas 
show expression of the dominant gene as expected, others show 
expression of the recessive allele. An analogous effect has been 
found in man in the case of the enzyme glucose-6-phosphate- 
dehydrogenase in heterozygotes. There are persons who carry 
mutant forms of this enzyme. The mutant form is unstable while 
the usual enzyme is stable. Males who bear a single copy of the 
mutant gene show 100@ unstable enzyme. Heterozygous females 
may show 100% unstable enzyme, almost 100% normal enzyme, or 
a “semi-stable” mixture. Examination of the kinetics of this enzyme 
in red cell suspensions has provided quite strong evidence that the 
mixture of enzymes is segregated into individual red cells (Beut- 
ler ct al., 1962). That is, there are two different red cell types, one 
with normal enzyme and one with mutant enzyme, rather than a 
homogeneous mixture of red cells which contain both types of en- 
zymes. In other words, we have some red cells which have 100% 
abnormal enzyme, the rest of them have 100% normal, and the per- 
centage of abnormal enzymes really reflects the relative numbers of 
red cell types, not the amount of enzyme in each red cell. Since 
the trait is located on the X chromosome we can infer that in 
some red cells one of the X chromosomes is active and in the re- 
mainder the second X chromosome has had its gene expressed 
(see also the recent paper of Davidson et al., 1963). Further, there 
is the cytological demonstration by tritium labeling that one of the 
X chromosomes replicates late (Morishima et al., 1962). In a fe- 
male, all of the autosomes plus one of the X chromosomes repli- 
cate in synchrony. The other X chromosome, however, replicates 
later, In males all chromosomes replicate at the same time. These 
various diverse lines of evidence combine rather nicely to support 
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the notion of a mechanism for inactivating an entire chromosome, 
in this case, the X chromosome, No suggestion had be 
concerning the nature of this mechanism. but it se 
chromosomes beyond the first are inactive, Fi 
with the chromosomal constitution of XXXY, there appear to be 
two inactive X chromosomes and a single active one. Which X 
chromosome becomes active in each cell is a matter of chance very 
early in embryonic development. Once this decision is made it is 
apparently maintained. The inactive X chromosome is transmitted 
as an inactive chromosome in progeny arising from that cell. So 
we see two rather extreme mechanisms for quantitative gene ac- 
tion, one of them involving single structural loci (as in the p-galac- 
tosidase instance), the other involving entire X chromosomes. Pos- 
sibly, intermediate types of gene inactivation exis 
histones are thought to influence the activity k 
(Huang & Bonner, 1962). To what extent they are involved in 
either one of these mechanisms we do not know. 

Figure 3 illustrates a system that we are currently investigating 
(Sutton & Karp, 1964), demonstrating the extent to which struc- 
tural genes may be influenced in their activity. This particular s} 
tem involves the blood proteins known as haptoglobins. So far as 
we can tell the structural elements which form the series of protein 
bands are identical, What does vary is the rel 
products which are synthesized by the 
heterozygous individuals. The structural gi 
mitted as straight-forward Mendelian alleles showing codominance. 
The elements which determine how much each of the two alleles 
functions also are genetic. To what extent environmental forces 
may be involved here we do not know. However, if 1 were look- 
ing at a Caucasian population rather than a Negro population, as 
we have here, nearly all of the heterozygotes would be of type 
Hp2-la. In Negroes, the other patterns occur commonly. At least 


some of the variation in heterozygous types is transmitted with 
the structural genes, 


Some rather exciting information js the 
RNA in nerve function. All of us h 
grinding up professors w 
to their students so that 
ferred. This proposal h, 
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ems that all X 
or example, in persons 


For example, 
of genes considerably 


ative amount of the 
structural genes in these 
enes themselves are trans- 


recent implication of 
ave heard humorous stories of 
hen they become senile and feeding them 
the information could be passively trans- 
ad its origin in several lines of evidence 
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which demonstrate changes in RNA as a result of certain types of 
learning processes and in planarian regeneration studies in the 
presence and absence of enzymes which destroy RNA. In the 
latter case, planaria which are first conditioned and then chopped 
in half will regenerate from either end. If they regenerate in nor- 


mal pond water both retain the conditioned response. If they are 
allowed to regenerate in the presence of RNase (an enzyme which 


Hp-Hb Free 


1 
Phenotype Complex Hb 


Hp 2-le 


Hp 2-1d 


Hp 2-1c 


Hp 2-1b 


Hp 2-la 


—- Sample + 
Fic. 3. Electrophoretic patterns of haptoglobins from persons heterozygous 
for the two structural alleles Hp' and Hp* but with different relative activities 
of the two alleles (from Sutton and Karp, 1964). 


destroys RNA), only the head end retains the conditioned response, 
while the tail end does not “remember” anything. This is a rather 
striking experiment, but there are other lines of evidence which 
also point to a possible role of RNA in memory. 

The RNA memory work is reminiscent of another possibly less 
familiar system, the synthesis of antibodies. For many years there 
has been much speculation as to how antibodies acquire their spe- 
cific information. I am still unable to give you any concrete an- 
swer, but the evidence points rather strongly now to the Burnet 
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hypothesis (Burnet, 1959) in which the amino a Spe ee bi 
antibodies, or gamma globulin molecules, are entirely  . rd 
the genetic make-up of the host organism. ae = — 
coding sequence in individual cells becomes altered cael 
tation so that the mature organism has a variety of sequence a : 
draw upon, or there are a number of genes transmitted which 
allow a variety of potential gamma globulin types. Against the od 
ter hypothesis, it has recently been observed that gamma globulins 
are composed of two sub-units. Each of these two sub-units was 
shown to be the locus for certain inherited differences transmitted 
as simple Mendelian traits. This suggests that there is a single 
genetic locus being transmitted from parent to offspring for a par- 
ticular type of sub-unit. In the presence of a foreign antigen the 
particular cell type bearing the appropriate antibody (and there 
may be a variety of appropriate antibodies ) reproduces, giving 
the organism a clone of competent antibody producers. This pa 
ticular clone persists, which explains the organism’s memory for 
past antigenic experience. In this particular model, all of the ane 
formation for antibody structure comes from the genome, while 


the antigen selects from among the potential antibodies those 
which are appropriate. This may be the ty 
observed in the case of RNA and memory, 
range of potential RNAs to be selected fror 
the RNA transmitted as a genetic trait (or traits) but expressed 
purely as a function of the environment. This would permit the 
genome of the organism to influence the cell in defining the total 
potential of the organism. 


pe of effect which is 
There may be a whole 
m. We would then have 
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Discussion 


Sutton: Perhaps some of you have contrary ideas about what was said about 
RNA and memory. We might inquire which fractions of RNA are involved 
in these memory experiments. There is no good evidence on this point; the 
magnitude of the RNA changes are hardly compatible with what we know 
about messenger RNA levels, and yet what we think we know about ribosomal 
RNA certainly does not suggest it as a very likely candidate for a place in 
the response to learning. Consequently, most of the theories do suggest mes- 
senger RNA as the responding agent, even though it is normally a very small 
fraction. 


Freedman: I'd like to comment on this question of memory and RNA, I have 
given a certain amount of thought to it since it is such a popular notion right 
now, but I think it is another blind alley as far an explanation of memory 
is concerned. Probably the best book on memory is Charles Bartlett’s book on 
“Remembering” in 1932 which takes the Gestalt point of view and talks about 
schemata. Schemata are, of course, the essence of human memory and I 
bring this up, not to get into the discussion of memory, but to point up the 
fact that it has been shown anthropologically and physiologically that what we 
remember depends upon our general knowledge and perspective. To make a 
connection between the things that Proust talks about in “Remembrance of 
” in which he recalls things by smell associations or by the tilt of 


Things Past 
the street to the RNA level is quite a jump. 

Sutton: Well, of course it’s a jump and yet there must be a physical molecular 
basis for memory. 

Freedman: Well, one would have to postulate that with the tilt of the street 
there’s sort of a tilt of the RNA balance. 
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Sutton: I don’t think that what one remembers h 
ent time anyway, to any proposed chemical mech: 
such a mechani. 


as any relevance, at the pres- 
anism, but we must postulate 
n. Perhaps I should say you may not have to postulate, but 
you have to assume that a mechanism exists. For example, perhaps RNA is 
influenced or perhaps there is an intercellular reorganization. At the present 
time these ideas cannot in any way be associated with what is remembered 
or how an association is made at the conscious level. 


Freedman: All right, we'll both 


Gardner: I'm ready to sympathize with Dr. Freedman’s feeling that there is a 
jump and that it is a little frust ating at this point. Some of us who have 
studied memory know that the behavioral structures which, if you will, lie 
in the enduring patterns of behavior that are involved 
extremely complicated and undoubtedly hicrarchi 
down to the molecular level. 
not consider that this conce 


agree that there is a jump. 


in memory processes are 
uly organized all the way 
I would agree that it is frustrating, but I do 
pt is inadequate or inappropriate. It is very exciting 
to learn about some of the possible links in this chain largely of hierarchical 
unknowns. We know a few things about the superordinate controls and, now, 
a little about the molecular level of control and regulation. It is our job to 
fill in the steps in between. I find this very exciting. 

Fuller: One of the problems at the molecul 
messenger RNA, I also question whether the 
is appropriate. In the first place the Burne 
accept it, it implies to me that there may be a clone which can develop a 
nervous system for the cell division completed, perhaps not a clone of cells 
but a clone of ribosomes or something of this sort, There seem to be difficul- 
ties which don’t concern the psychological ley el about which I have reserva- 
tions as well as Dr. Freedman, but difficulties which are actually at the mo- 
lecular level itself, 

Sutton: Well, I think that it is very 
concept. We don’t know how 
changes, and, as you 
which is involved, On 
turned off or on 


ar level is the unstable nature of 
Burnet theory of a clone of cells 
t theory is controversial, but, if we do 


relevant to question 
many cells might be re 
say, it may be either 
the other hand, it 
» may induce the same 
situations I am familiar with, it se 
quired. Here, the Presence of ‘ 
turn on and so forth, 
capable of more th 


the “clone of cells” 
quired to cause these 
a clone or a group of cells 
may be that a given cell, once 
em around it. In the experimental 
‘ems likely that more than one cell is re- 
‘on” substance may cause the adjacent cells to 
In contrast to the Burnet hypothes s, each cell may be 
an one function of the sort under discussion, 
Gardner: Let me give one further Teaction to this, 


about the molecular operations of genetics, Tama psychologist. I was really 
Struck with this work on cellular regulatory mechanisms and the place of 
feedback in these systems. In considering controls at a much higher level, it 
seems to me that “behavioral controls” may account for individual consis 

cies and differences in certain aspects of remembering, thinking, and concept 
formation, ete. Some of the usable Concepts at that level also ore inhibitory 
or regulatory operations of the same kind, the same general patterns of 
feedback mechanisms, the importance of the negative feedback, etc, In spite 


Frankly, I am very naive 
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of the difference between levels here, I am struck with the analogous ideas 
which seem useful as theoretical explanations. I think that there is a lot of 
empty ground here. Psychologically we are very ignorant of the memory 
and we only have hope that in the next 50 years we can peel off 


proces 
some of the layers. 

Sutton: It is gratifying that geneticists have finally been able to attack some 
of these more complex problems rather than dealing with the environmentally 
immutable attributes which are simpler to analyze, but which, perhaps, are not 
as important. 


Gardner: I am sure I don’t understand the implications, but now you are 
talking my language. 

Gottesman: Before we leave RNA, I would like to ask a question about the 
inactive X chromosome. Are there any other differences at the molecular level 
between males and females that might account for sex differences and be- 
havior? What differences in behavior are not explained by learning theory or 
sex typing? 

Sutton: I’m not certain I really understand your question. Of course, in mam- 
mals, the presence or absence of the Y chromosome appears to be the primary 
determinant of sex regardless of the number of X’s in a cell. No one really 
knows what the Y chromosome is doing. For a while it was believed to be 
devoid of genes, but with the discovery that it is the primary sex determi- 
nant we must postulate the presence of genes on the Y, 

Fuller: There is possibly a histocompatibility gene on the Y chromosome 
of the mouse. Some people are worried about the dogma that there are no 
genes on the Y chromosome. I think that the evidence for this gene being on 
the Y is pretty good. 


Guttman: Actually, what the Y chromosome does, it does for a very short 
time in embryogenesis, then it stops being active. Really, as far as we know, 
the Y chromosome just works at the time of the development of the testes 
and that is that, it has finished its job. 

Lasker: That is true of most anatomical structural determination. For example, 
bone determination happens very rapidly. One moment there are no bones 
and suddenly the embryo has all the bones already species specific. So I do 
not think a limited period of activity is limited to the Y chromosome; in 
anatomical determination, the period of organogenesis is very short, extra- 
ordinarily specific, and rapid. 


Fuller: One thought occurred to me concerning the inactivation of the X 
(sometimes called the Lyon hypothesis) as this was mentioned in the di 
cussion of red cell mosaicism in females with glucose-6-phosphate dehydro- 
genase deficiency. If we assume that there is a similar mosaicism in cells of 
the nervous ystem, then these cells differ in a very fundamental fashion from 
ted blood cells or pigment cells since they are connected functionally through- 
out life. This would mean that any sex-linked factors affecting behavior would 
exist in a mosaic nervous system whose parts will still interact, a situation 
quite unlike the enzyme deficient red cells. I do not know if this has any mean- 
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. ism ¢ cellular level rather 
ing, but we might have to look for the mosaicism at the tae st sbeia 
ea at the behavioral one. We have some mosaic Drosophila which a ae 
wale ‘ana partly female and it would be interesting to see what happens 
part of the brain is male and part female. 


Freedman: Dr ndenberg. VC or if i, Ay al 
mder if y 2 say a few words abou! 
V gs, wo ‘ou could t 


is. Y i some material regarding 
twinning and the Lyon hypothesis. You had published some material reg 
this. 


Vandenberg: Yes, of course. The idea w: 


as as follows: if the Lyon hypothesis 
were true and held in a general fashion, you would expect to find aot a 
bility within female twin pairs than within the male pairs. ae ; 
exciting, and I published the data, but, on the suggestion of bas 5 he 
redid the calculations and found an crror. Now there is not age tee 
significant difference for all variables as a whole, It may still be oF a en 
to check this in some other data, particularly with the variables gilt: 
greater female within-pair differences. The situation is not clear-cut, eve 


sabi thi smale identical twin 
though there may be some excess variability within female identical 
pairs, 


Freedman: It was my obs 
identical twins that had deci 


pairs of male 
rvation also that you had as many pairs of 1 
ve differences as you had female. 


Lasker: On this matter of v: 


literature is full of suggestions that females are less variable than males. ae 
haps one needs a relative index of variability rather than an absolute a 
I do not know whether there any substantial basis for this statement which 
repeatedly occurs in the earlier literature. 

Freedman: Witkin has observed that fe 
ment than males. If the e 
tion to be the source 


ariability in the sexe 


s, the older anthropological 


males are more oriented to the environ- 
nvironment is stable, you might consider this orienti- 
of the invariability, 
Lasker: I wonder where 
anthropological sense 
norm in some way, 


Pen) tas, , s Per ssical- 
Witkin’s psychological idea originated. In the physic i 

5 cr 
there was an old notion that females stay closer to oy 
but they may have been considering only those character 
s that happen to be easily modified in males, 
Sutton: Dr. Vande: 


females should be 


' Pre at 
nberg, could you discu the rationale behind the idea tha 


pi E b * riew. 
more variable? I think it may depend on your point of vic 
Vandenberg: If the female is 


4 mosaic of the two X chromosomes there is 
an opportunity for more variability. The assumption is that the decision. 
which of the two X chromosomes will be inactivated, is made after the twin- 
ning, and late enough in embryogenesis to have permitted a number of cell 
divisions. Then, each twin would possess different proportions of the two * 


‘a a oti . + e airs 
This mosaicism should result in Sreater variability within the female pail 
than in the male pairs where there is only one 
twin would h; only one X 


ave cells with 
had cells w. other X chromosome 


‘4 Ee ne 

X. In the extreme case, 0 i 
i oy twi 

chromosome while the other t 


ith only the 

: iS excece vari. ili i i i irs in 
Sutton: This excess variability would eceur only within twin pairs, not i 
the population of females, 
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Vandenberg: Yes, that is correct. It could be detected statistically only in 
identical twin pairs. 

Lasker: But if in populations of females the variability is down for other 
reasons, then the direct male-female comparison in this manner would not be 


valid anyhow. 


Sutton: That is corr 
Loehlin: Shouldn't this hypothe 
ble in the general population bec 
Sutton: It does suggest that to me. But this is the population of females ver- 
sus the population of twin pairs. 

Vandenberg: With X chromosomes, you would have to have marked differ- 
ences between the twins in the proportions of the two X chromosomes to de- 
tect mi m. You would also have to have a marked discrepancy in the 
effect of the two X chromosomes on some variable. For example, one of the 
alleles producing greater size than the other, with one twin possessing 70% 
of the first allele and the other only 20%. Then you could get a marked dis 
crepancy. This needs much more thought before it is a useful hypothesis for 
twin studies. Perhaps, as suggested by Dr. Sutton, the opposite approach 
would be better. It has occurred to me to look for identical twin females who 
show a marked discordance in measures that cannot be explained in any sim- 


is suggest that females should be less  varia- 
ause they are mixed of these extremes 


ple way by environmental factors. 

Guttman: The inactivation of the X may not be a matter of chance; it is only 
a matter of chance because we don’t know anything about it. Some day, and 
twins may help us in this, we may find that this is a nonrandom process. 
Vandenberg: Inactivation might be influenced by other genes or by the region 
in which a cell is located. 

Guttman: It could be influenced by the genome as a whole. 


Fuller: The number of cells in the embryo at the time that inactivation occurs 
al, If this is a fairly large number the differences in the mosaics 


is also cri 
are going to be minor. 


Sutton: In several cases there is a great departure from a 50-50 type of d 
tribution. I would like to mention in conclusion a twin pair showing a mos: 
m of a small acrocentric chromosome. Each of the persons in this twin pair 
was mosaic but apparently mosaic for different amounts of tissue. They were 
both in an institution for mentally defective children. One had an LQ. of 
about 30 and the other about 70. They varied in a number of other traits as 
well, With respect to. the blood antigens there was no evidence of non- 
identity. The X chromosome was not involved, but it is an example of mosai- 


cism inducing a great deal of variability. 


Studies in Racial Isolates 


Gabriel W. Lasker 


This chapter will attempt to introduce some enlightenment from 
the field of anthropology on genetics. When I have worked in hu- 
man genetics, I have worked in the United States, entirely in 
pedigree studies and the like. In anthropological field work there 
are so many factors which are difficult to bring under control, that 
genetic analysis has not been po ible in most of my studies and 
the most I have been able to do is carry a genetic point of view into 
the interpretation of my results. 

Recently, basic genetic theory has been making spectacular head- 
way, and, if an attack on the important problems concerning the 
inheritance of behavioral characteristics of man is to benefit from 
these advances, we may well look at the conditions within human 
behavioral genetics first. This leads us to the question of the re- 
lationship of human genetics and the genetics of other organisms. 
The genetic material, DNA (deoy ibonucleic acid), is present in 
both, chromosomes are similar, crossing-over and linkage work in 
the same way; everything we know about chemical and molecular 
genetics is similar in man and other organisms. Now we come to 
the cultural level which we know is very different. 

Before dealing with this I should mention in passing one point 
to keep in mind. Work in human genetics is subject to nonscientific 
appraisal. There are underlying assumptions by granting agents, 
editors, and sometimes investigators themselves that get in the way. 
These assumptions are not felt directly in scientific work or editing 
of individual papers, but more subtly through public reward for 
conclusions seem to point in what are considered 


poor work whose 
to be socially desirable directions. Sometimes, there is also a lack 
of public reward for good work if it could easily be misinterpreted 
to point the other way. Distortion of values is a risk in this field 
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quency of A is at its highest, there is no B. Brues —— — 
ral selection against those distributions which are not found, an 
vectors of selection toward the average human figure. The devia- 
tions from this average she thought might be due to random fac- 
tors. Some of the deviation from the central value could be ex- 
plained as differential selection under different circumstances in 
different parts of the world. A third explanation, the founding 
effect, has not been proposed, but probably should be considered. 
The number of generations subsequent to the founding of the spe- 
cies may have been too short to permit evolution of all combina- 
tions of frequencies from those which occurred in original man. 
It is well to remember, however, that differences in blood group 
frequencies are found between the gorilla and the chimpanzee, the 
anthropoid apes which now definitely seem more closely related to 
man than the Asiatic apes. The study of population from the 
genetic point of view probably best begins with the models of the 
theoretical population geneticists such as Wright (1943), who have 
attempted to lay down some of the conditions. The 

lation may be considered to be composed of clusters of individuals. 
Mating is then essentially a random eve’ 
rate within a cluster or “island,” and at a reduced rate between 
“islands.” In this model, the island can be considered a closed 
unit. I have in the past attempted to identify it with a community, 


at least in peasant and folk societies, The model also works fairly 
well for some tribal societies, in which the isol 
tween the islands are often reasonably effe' 
ganisms, and to some extent m 
and the probability of the 


their places of birth, This 
the 


human popu- 


nt occurring at a given 


ating mechanisms be- 
ctive. For certain or- 
an, the single individual is the island 
mating of two individuals depends on 


assumes that the surface distribution of 
mating population is more or less homogeneous, whether or 


not the space is considered as two dimensional. However, social 


factors may introduce a third dimension, In some societies, notably 
those of India, even 


with physical propinquity the social distance 

may be considerable. If the populations are large, the net effect of 

social factors may be small, but this dimension should be con- 
sidered, 

Darwin himself was concerned with sexual selection in man. The 

basis of selection which he considered was largely individual. We 

now know, for instance, that individuals who are ugly by our 
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standards are about as likely to mate and reproduce as good-looking 
ones. Simple selection leaves the “unselected” to mate among them- 
selves yielding as many or more offspring. These questions have 
been properly investigated in a variety of situations, in different 
countries and societies, and I think that simple exclusion from the 
breeding population under the classical model of selection is very 
unlikely. However, further investigation may reveal factors leading 
toward homozygosity when a breeding population is split by such 
practices. 

How can one study the human breeding population on a world- 
wide basis? Obviously all one can do is extrapolate to larger en- 
tities from sub-samples. One would expect certain cultural charac- 
teristics to correlate highly with breeding practices. I already have 
some impressions from field work of my own and from other studies 
that, in Latin America for instance, a certain distance between 
birthplaces of mates may be more or less characteristic of peasant 
societies. To the extent that the type of society defines the size 
of the breeding population, one could take the number of individ- 
uals in the world in such societies and multiply by the charac- 
teristic distance. Other types of societies could be treated in the 
same manner. 

There are some surprises. The most isolated populations, as you 
would expect, turn out to be on small islands; yet, if you look at 
mankind in general the populations of islands are not usually 
extreme, There are exceptions. For instance, off the north coast 
of Australia in the Gulf of Carpentaria, in that little square gulf 
that juts down between Arnhem Land and Cape York, there are 
some islands which are cut off from the mainland; these people 
have rafts and nothing else. According to Simmons et al. (1962), 
34 people on about 15 rafts left one of these islands (in 1940 and 
1947) because of lack of water and tried to reach another island. 
The island people can see other lands, they know they exist, they 
see smoke from the fires. But, of the 34 people on the rafts, only 
17 ever reached their destination, the rest were lost at sea. The 
island is so isolated that with the mode of transportation available 
they could rarely get from one island to another. On one of these 
islands blood group B has the highest frequency found in Aus- 
tralian aborigines anywhere on the subcontinent. On another of the 
islands there is some blood group A and no B. Presumably, random 
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factors led to elimination of one gene on the first island, the other 
on the second. 

Probably, because of their circumscribed size and lack of op- 
portunity for subsequent rapid expansion of a once limited popula- 
tion, islands do not show the extreme racial types found in conti- 
nental groups. Therefore, I think, a satisfactory explanation of 
major differences in the human population will come through ex- 
trapolating from island situations to situations that were formerly 
widespread on continental land masses. On the mainland a group 
can expand very rapidly after a period of isolation because of 
possible introduction of favorable cultural developments such as 
better weapons or improved food acquisition techniques. 

Hope of reconstructing past breeding populations through docu- 
mentary evidence is slim. In a few countries there are church rec- 
ords, parish records, and official registers. For instance, the Mor- 
mons have been very assiduous in collecting records of this kind. 
These records have sometimes been made available to scholars, 
but one must still find the birthplace and some details of all an- 
cestors for many generations. In six generations one must locate 64 
ancestors. With bastardy rates of the order of 1 or 2% one runs 
into problems of reliability. If the ancestor is an outsider, the 
probability of recording error is increased. Usually, the best solu- 
tion is dealing with the immediate situation. Here one can ask a 
person where his mother was born, where his father was born, and 
in a very high percentage of cases get the correct answer. Indi- 
viduals in all societies usually know this even though marriage may 
not dictate paternity. 

The extreme isolation that is sometimes presumed rarely occurs. 
In Australia, an ethnologist, Tindale (1953), was able to inter- 
view individuals belonging to groups which had had no contact 
with white men or native police. Even in such tribes matings out- 
side the tribe amounted to 15% of the total, a higher proportion 
than one might have predicted. This means a genetically effective 
immigration across tribal boundaries of about 7% per generation. 

In Australia, the groups are kept small by the very sparse vege- 
tation, shortage of water, and rough living conditions. Where there 


are very large groups, mating across tribal barriers js reduced. 
Thus in Africa, where there are huge kingdoms 


; , although the fre- 
quency of extra-tribal marriage for the whole 


group may be small, 


DISAPPEARING RACIAL ISOLATES 23 


at the periphery it may be great so the gene flow across tribal 
boundaries is not impeded greatly in this case. 

At first I thought that peasant societies were actually quite iso- 
lated since the individuals are tied to the land. This could offset 
the large size of these communities compared to those of tribal 
societies, even though peasants depend on a central authority, and 
are thus members of a large population. But the newer data, espe- 
cially from the Australian islands, suggest that some primitive so- 
cieties are more isolated than any peasant societies ever were. 
Furthermore, some peasant societies, notably in China, are not at 
all isolated—the peasant village is not endogamous. Even though 
the distance men go to seek spouses is limited, each village does 
go to the next, uniting the whole continental area into a single mass 
with individuals isolated by distances but not into discrete units. 
flected in biological differences in the area. The distribu- 
aracteristic physical features show gentle clines. 
Thus, for instance, shovel-shaped incisors reach their maximum 
frequency in the north, whereas individuals who lack this type 
of teeth increase as one moves further south in the Eastern Asiatic 
xhibits this cline decreasing more or less 


This is re 
tion of certain ch 


mainland. Stature also e : 
gradually from the north to the south of China. 
To return briefly to the behavior of isolated peoples, I think 
there are especially great difficulties in ascribing any behavioral 
differences to genetic differences. Some of those places that I 
have listed as known to be reproductively very isolated and small 
remain isolated. In Bass Straight Islands off Australia, the off- 
spring of Tasmanian aborigines, Australian aborigines, and white 
men have remained in isolation for some time in a very constricted 
space. On Pitcairn Island six of the mutineers of the Bounty with 
their Tahitian mates left their offspring with very little admixture 
from the outside. Tristan da Cunha in the South Atlantic was re- 
cently evacuated, but I understand that most of the people are 
going back, At the time of Napoleon, the British put a small gar- 
rison on the island, but since then there has been a more or less 
self-contained population. It consists almost entirely of the de- 
scendants of seven or eight men and a similar number of mulatto 
women from St. Helena Island (“traded” for potatoes by a whaling 
captain) plus a number of subsequent additions. The population 
was evacuated after a recent volcanic eruption but, in general, 
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those few who married in England are not among those returning 
to the island. There are some isolated islands in Japan. Hosojima 
is one with lots of inbreeding (Ishikuni e¢ al. 1960). In other parts 
of the world, allegedly isolated communities when adequately 
studied sometimes turn out to be less isolated than previously be- 
lieved. For example, among 110 inhabitants of the Upper Xingu 
River in Brazil there were 13 to 15 individuals who came from 
other tribes. 

Now it is true that these isolated remnant groups of people 
often represent genetic extremes. The Bushmen, the Australian 
aborigines, the Ainu, the Pigmies of Africa and the Andaman Is- 
lands, and the inhabitants of inland parts of New Guinea repre- 
sent racial extremes, but they are also some of the most extreme 
cultural types so it is not possible to ascribe some of the “racial dif- 
ferences” in behavior to the genetic base. 

There are, however, possibilities for collection of more direct 
genetic data in these places and I think doing this is a very urgent 
matter. These populations give us our last chance to examine those 
few items of data we can get to anchor the reconstruction by 
analogy of earlier periods in human history. Thus demographic 
data are very urgently needed. We ought to know what tenden- 
cies these groups have to breed among themselves and how small 
the breeding population of these people really is, so that we can 
interpret the probable influence of random genetic drift in the 
wider human scene. Specimens of blood would permit studies of 
blood groups, haptoglobins, transferrins, and the like. Correlation 
of data concerning the demography and the gene frequencies can 
then provide two independent approaches to a study of the genetic 
structure of these populations. Aspects of the cultural environment, 
such as the kinship system and the means of subsistence, may 
very well be among the determinants of effective population size 
and hence of the genetic process so this information should also be 
recovered. Geographic and climatological conditions are intimately 
related to cultural factors in determining the way of life. We can 
try to obtain the time dimension in order to check the probable 
rates of change in the amount of time available. We must rely on 
archeology to get any real notion of time depth. Skeletal remains 
can help in the problem of time depth, but what one is able 
ps be ena aes Noe is so limited that I think it is critical 

a gical material only with good data on modern 
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populations. Therefore, I think we must make a last fast effort to 
recover demographic and genetic data on those few peoples still 
remaining outside the influence of international technological so- 
ciety. This will put us in a better position to unravel the fabric 
of the human species as a single species, as a breeding species, 
not only as of now, but for some time in the past, and, by im- 


plication to plot the kind of changes going on here and now and 


in the future. 
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Discussion 


Freedman: Isn’t the human species the only example of a species that is 


: ly? 
also the only member of its family? 
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Lasker: This is a matter of convenience in classification. There are two — 
of biological classifications and this insistence that man is so isolated is based 
on what we think about ourselves and so using a grade classification, rather 
than a genetic classification. The serum proteins of man are more similar to 
those of the chimpanzee and the gorilla, than those of the chimpanzee and 
gorilla are to those of the orangutang, Goodman, (1963). The gorilla and the 
orangutang are put in the family of the Pongidae, by virtually everyone today, 
and man is put in a separate family. So, I think there is no basic biological 
validity to this separate family for man. It is possible of course that the human 
specializations are so significant in themselves that man should have a family 
to himself. Then, the logical thing would be to give another family to the 
gorilla and the chimp and still another to the orang. One could do this, but it 
is a matter of convenience to lump them together, and extreme splitting in 
taxonomy is not usually viewed with favor. I do not think men are so dif- 
ferent in fundamental biological respects, although most primatologists be- 
lieve that the assumption of the erect posture and the specializations of the 
cerebal cortex for speech are so important that we should give man a very dis- 
tinct name, that of a family. Does that answer your question? 

Freedman: Yes, In a way it ai 


swers the other question which I have in mind 
when I think of island populations and the progressive speciation in the Dar- 
win finches, on the Gallapagos Islands, which has never happened in man. 
In this context, would you 


regard to the origin of races? 


Lasker: Well, I do not know what I could say about it. I have not yet read 
the book, but I have read some reviews. The question seems to be whether 
there have been parallel separate evolutions over any considerable period of 
time? I do not know of any evidence favoring the view. There is a degree 
of discreteness of populations, of course, and when you look at the details, ap- 
parently human populations are sometimes, in some places, more isolated, so 
that it might take a considerable time for genes in one population in one 
part of the world to reach through the species to distant places. This was 
probably especially true under past conditions. Virtually all known mutants 


apparently did, surprisingly, spread to virtually all known populations, 
though with different frequencies. 


Lindzey: Coon’s argument re 
There was independent evolut 
Lasker: This has be 


‘are to comment on Coon’s recent hypothesis in 


ally would be the reverse of that, wouldn’t it? 
ion, let’s see, five times? 

en said. I have not seen the original. 

Sutton: I have read half of the 
extreme. He does not deny 
have existed prior to what we 


Lasker: There is some surprising evi 


book. I do not think he goes to quite that 


some gene flow. He maintains that racial groups 
consider the present time. 


dence that people actually did move 
around, and passed from hand to hand some things like stone tools—very 


remarkable similarities are found over wide areas including the Americas and 
Asia for instance. Africa and Europe have the same kinds of sequences. Well, 
did they evolve those tools independently too, or did they borrow them from 
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each other? The same paleolithic tool types occur in Africa and in Europe, 
and in western Asia and parts of India. In eastern Asia there are slight dif- 
iming that people did not cross Asia. People 
moved very great distances in historic times in a single generation just by 
walking or on horseback. There are the well-known migrations and raids of 
Tamerlane, the Huns, the Mongols, and Alexander the Great. People with 
small knowledge of technology and some method of carrying food were able 
to move considerable distances, and when people move they mate. The Iro- 
quois Indians were fighting far away from their base at times. They came 
from Ontario and New York State, but originally had come from further 
south. I think that we cannot only consider how far an individual goes to 
ration, but we have to bear in mind that with 


ferences, but nobody 


get his mate in any one gene 
the food shortages, man could move quickly over long distances, rarely, but 
sometimes. 

Fuller: All you need is one individual to move the genes in. 


Lasker: Of course you have to account for that particular gene taking hold. 


Fuller; Well, you remembe 
they came as a population. 
Guttman: About the problem of isol 


+ that these people did not come as individuals, 


ates, I strongly agree with the urgency 
of studying them quickly and on a large scale and I would like to cite Israel 
has almost been missed. I don’t think we have 
they are not going to marry anybody else, al- 
though they may die out in a few generations. I do not know whether you 
would call a 2000-year-old community an isolate, but I think you could, even 
on the human evolutionary scale. We have some villages in Israel which 
came in toto from Kurdistan and from Cochin in India and from places in 
Yemen, which really, as far as we know, had not married outside the com- 
munity for about 000 years, but now they are doing it very quickly. 

; ates I didn’t mention. Some of the highest rates of 
found in these religious isolates, but they are 
a wider cultural context. Dunkards have been 
s et al. (1952), the Hutterites of northern 
aberg, and the Samaritans of Isracl and 
atsheva Bonné (1963) and Boyd and 


as an opportunity which 
missed the Samaritans because 


Lasker: The religious isol 
isolation in the world are fou 
possibly a special case as part of 
studied in Pennsylvania by Gli 
United States and Canada by poe B 
B cetentar Poe tudied right now by 

Jordan are being studied right Jso interested in them. There are also 


another group. Mourant in London is also | pe , 
do you recall the island where Necl’s group studied 


some groups in Japan, 
the Buddhists and the Christians? 
Sutton: Hosojima is the only one I know about. 

and, the Michigan group worked on one of 


Lasker: No this is a different isl Michiga ke 
the islands of Japan on which they found religious isolates of Christians. 


Sutton: I have done blood proteins on all the groups mentioned. 

Guttman: I know, but in general only blood groups are studied. We would 
collect behavioral information as well. We're trying to do it now and we are 
hoping that NIH will be in as much of a hurry as we are. But we may miss 
our chance. In the Kurdish villages the rate of consanquinity was 17%, a very 
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high figure, now it is down to about 5% and soon it will be down to that of 
the normal interbreeding population. 

Freedman: I have a big question. How would you tease out the genctic 
aspects from the cultural aspects of the population? The only thing that I 
could think of is using very early appearing traits or early stages of devclop- 
ment. 

Guttman: Not necessarily. We have a scheme which shall be presented. 

Lasker: My view is to get at those things we know we can attack first. There 
is one bit of information that can be obtained even after the communities have 
gone, one can still find out where people were born and who they married. 
Guttman: Batsheva Bonné has done beautiful work on villages in Italy. These 
are not complete isolates but the gene frequencies sort of peter out as you 
move away from a certain focus. She also studied the migration patterns of 
some isolated villages in northern Italy, 

Lasker: Here you get into the complex problem of selective pressures, drift, 
and migration. You have a multifactorial situation to interpret when you find a 
build-up of gene frequency in a small location and a fall-off away from it. 
Sutton: I should like to make one comment about analyzing some of these 
populations. Most of the really elegant theory development is based upon the 
assumption of 2 or 3 alleles. In the hemoglobins 
20 or 30 alleles, 
There may be 


and transferrins, we know of 
and these are based only on electrophoretic differences. 
a very large number of alleles. I am not a population geneticist, 
but it must influence the theoretical interpretation if w: 
of the 20 or 30 alleles coexisting in populations. 


e work with only 2 or 3 


Lasker: Yes. Classical geneticists will 
a population unless it is repe: 
narily it cannot become est. 
advantage. With 


aver that a mutation has little effect on 
ated. Unless you get repeated mutation, ordi- 
ablished in a population, unless it confers selective 
a 1% selective advantage, it will generally wind up in the 
dump heap. Now what does that say about the mut 
have occurred repeatedly? If you trace them back 
ple with the mutant gene 
most mutations to this allel 
rarer the condition, the 
came from the same e 
for the spread of 


ations we do find which 
, the great majority of peo- 
came from a single ancestor or two, The fate of 
le has been extinction and only a few remain. The 
more reasonable is the assumption that all mutants 
vent. I do not know what length of time it would take 
a neutral mutant, but it may not be too great, Since some 
conditions such as Tay Sach’s disease are gencrally restricted to the Jewish 
population it makes sense to consider these as relatively recent events, since 
it is hard to believe that the mutation in prehistoric times would remain con- 
fined to these populations. I was very intereste 
in which a pentose Sugar is excreted. All the cases which were carefully studied 
had been in Jews or people who might have been Jews. Recently some good 
pedigrees have turned up from Lebanon. In any case, distribution in non-Jews 
is restricted to Semitic peoples from the near East, The restricted distribution 


suggests that pentosuria is quite possibly a relatively recent mutation, although 
I do not know how many thousand years ago it occurred. 


d in pentosuria, a condition 
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psychological contributions to hu- 
of stages or degrees of knowledge 
as a way to place a lot of 


It is useful in thinking about 
man genetics to adopt a scheme 
about hereditary mechanisms in man 


facts in relation to one another. 
» would have knowledge about a 


In the most advanced stage, we 
condition due to one gene located in a known region on a given 
chromosome; in general, human genetics has not reached this state 
yet, although we are approaching it for sex-linked traits. We have 
not reached this stage because there are very few firmly established 
linkages, so we have not been able to construct chromosome maps 


in man. 


The next best stage of knowledge is one in which the gene can 


be assigned to a specific chromosome although not to a definite 
ace there are several, widely spaced, markers for 
each chromosome one could determine the chromosome on which 
other single gene traits are located. In human genetics, this stage 

genes on the sex chromosomes. Ten- 


also has been reached only for g' 
tative locations for such genes will probably soon be suggested by 


studies of chromosomal abnormalities. 

A stage of yet less exact knowledge is where ue can only dis- 
tinguish between autosomal and sex-linked traits. \ arying degrees 
of ignorance might further be distinguished within this stage; for in- 
stance, we may suspect that a single Bene Is responsible for a 
given trait, but, because the condition is a rare one, lack enough 
cases to work out a precise mechanism; or, one gene 1s thought to 
but other diseases may lead to conditions closely 
lled phenocopies, resulting in a diagnostic 


location on it. Or 


be responsible 


resembling this one, so c& 
‘The work reported here was supported by a grant from the National Insti- 
tutes of Health (MH 7033) and the National Science Foundation (GB 466). 
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problem. I should emphasize that I am thinking especially about 
problems of neuropsychiatric or psychological conditions or phe- 
nomena. 

Then we might distinguish situations where more than one gene 
is involved. If it turns out that there are only two or three genes, 
pedigree studies might still be useful, and we can try to build vari- 
ous models for combinations of genes and test how well such 
models fit actual data. We could do this right now, I think, on 
such things as height and handedness; perhaps even intelligence, 
if we are willing to regard intelligence as a general factor. 

Finally we may have conditions controlled by many genes. 
Here we have to revert to the methods of biometrical genetics: 
analysis of variance, regression analysis, path coefficients, and heri- 
tability estimates and this is where twin studies come in. Regard- 
less of the number of genes involved, we often have situations 
in which the effect of the gene can be so varied as a result of 
interaction with the environment that pedigree studies are, at the 
moment, not profitable. In such situations you can still do bio- 
metrical genetic studies, but conclusions from similar studies done 
in different locations may differ if the environmental conditions 
vary in the samples used. Here anything we can learn about en- 
vironmental effects would make later studies of hereditary factors 
better, if not easier, As a matter of fact we do not have very good 
ideas yet about how theories derived from studies of environmen- 
tal effect can be fitted into biometrical genetic studies. A demon- 
stration with appropriate theoretical models could help clarify this 
whole problem and set the pace for future work. It would be good 
to take a particular phenomenon, such as height, which is under- 
stood fairly well, and work it through in as much detail as we can, 
to provide a model for studies of other variables. Such an approach 
can lead to more adequate models than the one in which heredity 
and environment are proposed as two independent sources of vari- 
ance which together add up to 100%. The multiple abstract vari- 
ance analysis, proposed by Cattell (1953), in which between- 
family and within-family hereditary and environmental variances 
are considered, as well as various interaction terms, is a good ex- 
ample along these lines, Finally it is well to keep in mind that 
dane ee Sipe = hereditary mechanisms is not necessary for 

plied work. In animal breeding, production of milk, 
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bacon, or eggs can be considerably improved without precise knowl- 
edge of specific genes. It is true, however, that rather drastic selec- 
tion is necessary to achieve such improvement. The mere elimina- 
tion of poor producers would, in subsequent generations, alter pro- 
duction little or not at all; for this reason such methods would not 
work as eugenic measures with man. 

My own background and temperament has led me to choose 
problems near the bottom of this list rather than near the top and 
this is dictated in part by previous work I have done, some familiar- 
ity with statistical techniques, and other things in my personal his- 
tory, but in no way reflects a value judgment about what is more 
important. Furthermore, for what are socially the most significant 
and most important psychological problems, we are more or less 
forced to work at the bottom of this list, if we are going to make 
a start right now. A few more general remarks may be in order 
before I go to the area of twin studies. For neuropsychiatric prob- 
lems it is still useful to get more adequate surveys of the inci- 
dences of various diseases in various parts of the world, because 
unless there are marked geographical differences in gene distribu- 
tion, the presence of similar incidence rates under widely differing 
cultural conditions would tend to point toward hereditary factors. 
These studies of incidence rates could be made more profitable if 
they were combined with the collection of biochemical informa- 
tion. We can also do family studies and studies of incidence rates 
in relatives of patients, and work of this kind should certainly be 
done more widely. , 

Finally we come to twin studies. Twin studies are, perhaps, a 
more economical approach to human Benavior genetics than family 
studies, as long as we are completely ignorant of hereditary factors. 
First of all, the twin-study method eliminates the age factor which 
we cannot deal with in many of our variables. Even in studying 
height, age is a serious problem; if you want to do pedigree studies 
you can start with adults which limits the accessible range of rela- 
tives somewhat, or if you start with children you must wait until 
they reach adult status before you can compare their measures 
with those of their relatives. In twin studies you do not have to 
worry too much about the sampling problems at this stage of the 
game. For the study of normal variations, twins can furnish quite 
a bit of information. We will not be able to work out precise mech- 
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anisms, but we can do a lot of screening and look for angi 
variables or areas in which variables might be found that ia = . 
sequently be studied by other techniques. I think that i e — 2 
lot more work on normal psychological variation before ve ke 
ready to do pedigree studies with existing measures of cognitive 
or personality variables. eres 

Now I would like to review what can be done with twins. First 
of all, of course, there is the conventional comparison of the con- 
cordance rates of identical and fraternal twins, either for quali- 
tative traits when you are looking for all-or-none phenomena, “ 
for quantitative traits when you compare fraternal and eer 
within-pair variances and evaluate the statistical significance co) 
their ratio with the usual F test. There must be replications of 
these studies because there can be marked fluctuation in the re- 
sults of twin studies by different investigators. There have been a 
fair number of twin studies, but we are only now reaching some 
uniform conditions, such as the determination of zygosity by 
standardized methods. It is difficult to compare results that were 
based on other methods of determining zygosity. Furthermore, 
the samples are usually rather small, a fact for which no investigz , 
tor can be blamed, but one which will lead to fluctuation of re- 
sults; therefore replication is almost essential before we can base 
firm conclusions on twin studies, I hope that we will find a good 
deal of agreement when we do the replications. The second point I 
want to make is that it will be very interesting to try to under- 
stand why there are discrepancies between different studies 
and why a seemingly small change in a psychological test can lead 
to quite different results in heritability estimates. This may give us 
a new kind of experimentation in which we try to change her- 
itability estimates by maximizing hereditary factors in a particular 
psychological variable, or maximizing environmental aspects, some- 
times perhaps by a rather small change in the measure used. Still, 
within the framework of the conventional twin studies, we should 
be alert to the fact that when we collect such data, which, al- 
though economical in comparison with family studies, still are 
rather expensive, we have the Opportunity to perform several other 
analyses on the same data. First of all, since we do collect the 
information on the blood types, it might be worthwhile to check 
routinely for linkage of any of the variables with the blood types 
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using the fraternal twins as sibships of two cases. One of these 
studies alone will not give any firm information because the sam- 
are consistent results between 
ve to collect the information 
e that we would find some- 
going to lead to many dis- 
ery difficult to do. Secondly, 


ples will be too small, but if there 
studies (and everybody is going to ha 
on blood types, anyway), it is possibl 
thing. I am not hopeful that this is 
coveries, but it is not going to be v 
when we have identical twins we can ask why some identical pairs 
are more divergent than others. While this is not going to tell us 
much about heredity, it will tell us a lot about environment. It may 
be a valuable complement to the study of hereditary factors par- 
ticularly if this is in work with very young twins, where we can 
still secure accurate childhood histories. Next we can do conven- 
tional correlational studies. Finally, I would like to summarize a 
few reports to show further methods of getting more information 
from traditional twin studies than we get by the usual passive col- 
lection of twin data. We can introduce at least some experimental 
dimension. We normally consider variables either as all-or-none 
phenomena, where we look for the presence or absence of con- 
cordance, or as continuous and then we do analysis of variance. 
Dr. Stafford points out that it may sometimes be fruitful to break 
this set, For instance, PTC (ability to taste phenylthiocarbamide ) 
was formerly considered an all-or-none phenomenon (this is the 
ability to taste a substance that tastes bitter to most people), 
and yet it is actually a continuous variable. Conversely, we might 
take some psychological variable known to be continuous, but just 
set an arbitrary cutoff point and classify people above a certain 
score as having this attribute and those below as devoid of the 
trait. This may be more economical and it may lead to clearer 
results, It is not impossible, for instance, that such a crude classifi- 
cation might be useful in studying the inheritance of pitch per- 
ception, We can also go the ay—color vision is traditionally 


other wa 
considered an all-or-none phenom! 


enon, but Pickford’s work (1951) 
seems to indicate that it might be more accurate to call it a con- 
at one end of the distribution, 


tinuous variable. Most people are : 
but there is still enough spread within the normal range to give the 


usual genetic models interesting complications. Another approach 
has been tried by Loehlin (p. 163 of this volume). He takes infor- 
mation obtained on identical and fraternal twins, looks for items 
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which give a high concordance in identicals and relatively low 
concordance in fraternals, then constructs a new test from ee 
which will give you high heritability to see what sort of an srg 
you have. One can analyze the collection of items one has roa 
tained to see if one dimension underlies the collection or whether 
there are more. Gottesman in his chapter will have something to 
say about that too. In this way an experimental approach is added 
to the traditional twin-study method. This is particularly empha- 
sized because both the analysis of my data and comparison with 
other data have failed to yield a short easy generalization of my 
results, When I thought about this, an idea which is certainly not 
new struck me with great force; namely, some psychological traits 
may have a simple genetic mechanism controlling them, but these 
traits with high heritability are not necessarily variables which we 
are currently looking for, or even aware of. Most of the variables 
which are of interest to genetics today were discovered accidently. 
Even the “obvious” trait of color blindness is a rather recent dis- 
covery, yet people must have had this defect for centuries before 
science became aware of this polymorphism. We may have missed 
many differences because they have no applied usefulness at this 
time. In general, most of our psychological tests have been con- 
structed for their usefulness in pre 
school, or in elementary school, or w 
have problems when he enters the armed forces, etc. We have to 
start with these tests, but we shall need new instruments for stud- 
ies of the genetic bases of psychological traits. 

A few more methods will be mentioned th 
get needed information. First, I cannot make 
for new co-twin control stud 
three pairs of twins 


dicting success in graduate 
hether or not one is going to 


at should be used to 
a strong enough plea 
ies with samples larger than two or 
and with clear aims. For instance, one could 
test the prediction that systematic tr 
formation at age 3 would give differences between the twins at 
elementary school age which would be relatively stable, or would 
not be stable depending on the type of training, Or, one could take 
a small number of identical twins and give one of each pair 
early training in reading to see if there were 

permanent twin differences. This would be 
ment to studies of the 
capitalize 


aining of one twin in concept 


persistent, or even 


a very valuable comple- 


role of heredity, Again, sometimes we can 


on accidents. In Sweden, a psychiatrist, Dencker (1958), 


MULTIVARIATE ANALYSIS OF TWIN DIFFERENCES 35 


studied the effect of brain damage, relatively independent of 
hereditary and early childhood factors, by comparing brain-dam- 
aged twins with their unaffected identical twins. We must be more 
original. There are probably many studies of this kind that could 
be done with various diseases if one could find enough identical 
pairs in which only one twin has the disease. A Swedish psychol- 
ogist, Naeslund (1956), a former student of Husen, I believe, used 
of studying the effectiveness of competing 
ook 18 pairs of twins, including 10 
d them into two classrooms. In one 
room, reading was taught by the phonics method and in the other 
by the sight method. Two teachers rotated between the two classes 
to control for the influence of the teachers. The phonics method 
was superior for average children, but for gifted children there 
was no real difference; so there is no clear-cut answer for all chil- 
dren as you would expect. I think this is a wonderful way to do 
research on teaching methods and one which should be used more. 
I would also like to make a plea for the study of identical twins 
discordant for mental illness. A start has been made; I was told 
that the National Institutes of Health is organizing a registry for 
such pairs all over the country. ; ; ; > 

I would like to conclude by presenting an idea for multivariate 
A formal presentation of this usually causes 


analysis of twin data. / ‘ 
difficulties in understanding on the part of the audience, so I am 
going to retrace my own thinking instead. While not as elegant, 


it may be a more psychological presentation since in following my 
attempts to deal with the problem you will, I hope, arrive at an 


intuitive understanding of my solution. whe ee 
In the Michigan twin study, we found statistically significant 


results for so many variables that people keep asking me: “Do you 
really think that all these variables are different with independent 
hereditary control for each?” Well, I did think that this was true 
for many. of the variables, but there was no way I could prove it. 
If the conventional correlation coefficient obtained in some study of 
unrelated people shows a very low correlation between the scores 
on two tests, it does not Say anything about independence of 
genetic mechanisms oF genetic control over these two traits. Even 
if each of the variables had a high heritability and was the result 
of, or was influenced by the same hereditary sources of variance 


a very ingenious way 
methods of teaching. He t 
identical pairs, and separate 
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they could still have a low correlation if different ore” 
factors acted on each trait and vice versa. First of all | askec 
whether the twin that was taller was also the brighter twin, and I 
did this for identical and fraternal twins separately. For clarity 1 
will consider height and intelligence as two very simple traits. ate 
me give you just two correlations now. I will go to psychologica 
variables to make the discussion more concrete, If we intercorre- 
late the differences on the Information and the Vocabulary sub- 
tests of the WISC for elementary school age identical twins we 
get a correlation of .06; in other words, whatever it is in the en- 
vironment within the family which produces differences or is as- 
sociated with differences on the Information subtest is not related 
to whatever produces differences in the Vocabulary subtest. How- 
ever, the intercorrelation for the differences on these same tests for 
fraternal twins gives a somewhat different picture—the correlation 
is 56. To keep the argument fairly simple, we have here the 
same within-family differences operating to produce (or associated 
with) differences on these tests, but in addition we have hereditary 
twin differences which can contribute to (or lower) the corre- 
lation. Here I would be tempted to conclude that this hereditary 
component has led to the greater correlation between the twin 
differences. I think this is essentially correct re asoning, but it is very 
awkward and we have lost some very significant information. In 
calculating correlations, we really lose sight of the size of the twin 
differences; each of the two correlations is calculated 
Own mean with its own standard 
thrown away our most significant information, which is that differ- 
ences tend to be greater for fraternal than for identical pairs. So 
we should compare covariances and we should do this simul- 
taneously for a number of variables, because it is very awkward to 
treat successive pairs of variables and later reconcile findings on 
variables A and B, and variables B and C, and on A and C, ete. 
What we want is a method for treating a set of variables simul- 
taneously, to determine whether or not they contain a number of 
relatively independent hereditary components. Well, given two ta- 
bles of covariances of twin differences, one for identical and one 
fraternal twins, could an investigator subtract the identical twin 
difference covariance 


matrix from the fraternal twin difference 
covariance matrix? The covariance matrix for the frate 


around its 
deviation, so we have really 


rnals is due 
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to hereditary and environmental factors while the one for identi- 
cal twins would only be due to environmental factors. Thus, if sub- 
tracted, one would have hypothetical hereditary covariances left. 
This is, of course, not permissable for a number of reasons. First 
of all, mathematically, if you subtract two matrices you may get a 
matrix that is no longer Gramian, that is, it no longer has proper- 
ties such that you can obtain roots and vectors. Intuitively one 
might see that the implied relations between the variables ob- 
tained by the subtraction may be incompatible. Furthermore, this 
subtraction is incorrect genetically, because heredity and environ- 
ment are not merely additive components; there is a strong inter- 
] actually be larger or more significant 
than either of the two separately. Yet we would like to do some- 
thing of this kind, and it turns out that there is something we can 
do. Let me remind you what we do with just one variable: We 
calculate the ratio between the within pair variance for fraternals 
and for identicals and then test the significance of this ratio by 
the F test. Now we must generalize the F test to a multivariate 
test. The mathematical equivalent of getting a ratio between two 
covariance matrices is to find a matrix such that multiplying one 
of the original ones by it yields the second, Mathematically this is 
quite straightforward, although not easily calculated without a com- 
puter. Then we can ask how many roots are significant in the re- 
sultant matrix, which is the multiplier or transformation matrix that 
produces the fraternal from the identical covariance matrix, and 
this will tell us how many independent sources of hereditary vari- 
ance there were in our data. Here I have to insert warnings about 
the size of the sample, about the fact that you cannot interpret 
mathematical models in terms of real phenomena without reserva- 
tions, and so on. We can also ask whether certain variables have 
independent hereditary components, and 1 suspect that we may 
even, to some extent, be able to identify certain hereditary compo- 
nents of variance with particular variables, somewhat as you would 
in factor analysis. What we have been talking about is solving an 
equation of the form | D —aM | =9, where D is the covariance 
matrix of fraternal or dizygous andi 

ance matrix of the identical or monozygous twin differences. We 
are obtaining a multiple discriminant function on the differences of 
the scores of the two types of twins. We get a composite score from 


action component that may 


twin differences and M the covari- 
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our differences that will discriminate identical and fraternal twins 
as well as possible, then we remove the effect of this first composite 
and find another composite that will again give us the best possible 
discrimination and continue until we have exhausted the variance 
or until we cannot make any further discrimination. This is really 
a very conventional technique but one has to grow accustomed to 
thinking in this way, at least it took me a long time to see the 
hereditary implication. 

This method has been applied to the six scores of the Primary 
Mental Ability Test (PMA) (Thurstone, 1941) that was adminis- 
tered to 45 pairs of identical and 37 pairs of fraternal twins as part 
of the Michigan Twin Study. 

The over-all design of this study has been described by Sutton, 
Vandenberg, and Clark (1962). The zygosity diagnosis was based 
on a decision function derived from the results of tests of blood 
group systems (see Sutton, Clark, & Schull, 1955 for details about 
this procedure). 

The equation |D—.M | =0 was solved for the six PMA dif- 
ference scores and the six roots shown in Table I were obtained. 

TABLE I 
Roots Oprarnep rrom PMA 
DirFerence Scores 


Roots |D-\M| =0 


90 


-99972 
-23172 
58655 
00141 
-64598 
6 - 38206 


Dom WN 
sew 


of these roots Bartlett’s chi squared test 
© remaining roots after extraction of 1, 
Bartlett, 1950). The results are shown 
other words, that in this sa: 


ently significant hereditary 


components, 
It is of interest to compare 


these roots with the F-ratios for the DZ 


MULTIVARIATE ANALYSIS OF TWIN DIFFERENCES 39 


over the MZ within pair variances for the six original scores. Table 
Ill shows these F-ratios; four of them are significant beyond the 
1% level. 

We concluded that there are at least four independent compo- 
nents in the six PMA scores of the subjects in this sample. Since the 
analysis of the single scores led to the conclusion that number, 


TABLE I 


Cut Squared VALUES FOR THE Homoce! 
Roots AFTER EXTRACTION OF k Roots 


eITY OF THE REMAINING 


k Chi square df. Pp 
ii 30.698 20 between .10 and .05 
2 17.483 6 less than .01 

3 7.250 2 less than .05 

4 2.147 15 ns. 

5 0 0 


verbal, space, and word fluency were under a statistically signi- 
ficant degree of genetic control, it may be warranted to conclude 
that the four independent components represented by the signifi- 
sant roots of | D — AM | = 0 are rather similar to the number, ver- 
bal, space, and word fluency abilities. More details about this 
analysis are given in another place, Vandenberg (1965). 


TABLE III 


F-Rarios oF FraterNAb over IDENTICAL 
Wirntx-Parn Variances or Six PMA 


ror 37 anv 45 DEGREES 


Score 
or FRE 
Number -O1 
Verbal 01 
Space 01 
Word fluency 01 
Reasoning ns. 
Memory n.s. 


I shall close with two more remarks. I overlooked, for quite a 
while, the fact that before one compares results between identical 
and fraternal twins there is an opportunity to look at identical 
twin differences only and their correlations. This provides a method 
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for studying the extent to which within-family differences panes 
twins on different variables are correlated. This is a way of study- 
ing in great detail at least a limited aspect of the grnnieeagr: 
and with information on early childhood experiences, one has a 
really powerful way of studying how these experiences affect cog- 
nitive variables, personality variables, etc. 
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Discussion 


Gardner: I'd like to say, Bravo! for this method of treating twin difference 


data to get at underlying relations. In practice this should give us answers 
we have long wanted. 


Vandenberg: I think it does. I w 
cause I am worried about sample size. This is one re 
holding up publication till 1 have repeated this with a la: 
Gardner: When you get down to the point of counting the number of sig- 
nificant latent roots you really have to worry about sample size. When you 
are concerned with replications you are on the right track. 

Vandenberg: I think so. Next we should take a variable that has repeatedly 
shown evidence of a hereditary factor and subject it to a procedure of 


“tefining” for the purpose of increasing heritability. Then you could finally go 
to family studies. 


ould prefer to work with larger matrices be- 


ason why I have been 
rger sample. 


MULTIVARIATE ANALYSIS OF TWIN DIFFERENCES Al 


Freedman: I should like to stress that each identical twin pair has a different 
inheritance, so to speak, from every other identical twin pair. When we lump 
these different identical twin pairs together to extract what is inherited in 
common from among them, we lose so-called genetic individuality. We come 
arily less than what is actually inherited, 


up with something which is nec! 
or may be inherited. 
Vandenberg: I couldn't agree more. I have just two comments on that. First, I 
think there is a great deal of uniformity in the way we acquire the primary 
or most important cognitive abilities, so there may be less difference here 
than with personality variables. Second, this is merely a link in a chain that 
will, maybe 10 years from now, lead to some fairly precise knowledge about 
hereditary mechanisms in human behavior. This method allows us to take two 
variables that we have considered independent and test for a relation in the 
genetic component. If we find such a relation we can look for a way of con- 
structing a new test, a measure of this new construct which has some charac- 
teristics of both variables. We would then be one step closer to the underlying 
hereditary component. In the personality area, everybody may be somewhat 
unique and it may be difficult to find measures which give a high heritability 
index, let alone a neat genetic mechanism. We may always be limited some- 
what by this uniqueness. But I’m not pessimistic about the cognitive area and 
poor in personality studies either, particularly with cer- 
hizoid personality. 

ational events that are certainly com 
itting up. 


prospects may not be 
tain gross characteris 
Freedman: Yes, there are certain matur: 
mon to the whole human race, such as smiling and s 
Stafford: Your report about the Swedish psychologist studying learning is very 
apropos. We often try to find the way of teaching reading. In fact, the best 
way is undoubtedly going to differ depending upon the child. It is probably 
different at different maturational levels. If there are two discrete types, 
phonies and sight readers, these differences may be hereditary. One other ques- 
tion, did you mention linkage? 
Vandenberg: Yes, 1 mentioned linkage with blood types as a by-product of 
rre going to have a fair amount of information 


twin studies, Eventually we : : ; 

on the blood types of fraternal twins, their height, their shoulder widths, their 

scores on some tests, etc. and it seems a shame to have this unused. Other 

people might be going to great expense to collect these data. 

Stafford: I wonder if it would expedite our research and possibly make com- 
took the chromosomes and, applying the 


munication a little easier if we : n 
knowledge that we have to date of linkage. signed letters to the known 
linkage groups, hoping they did not exceed 23. Later, with the help of some 


chromosomal aberrations we might be able to tie C to chromosome 17, or 
A to 9. ete. I do not know if this would be helpful, and it might never come 


to pass, but certainly it wou 


sas the 


Id make communication easier. 


an arbitrary numbering system would be better 
tters now for the three known linkages on 
ABO, one is with Rh and one is with 


Lasker: I am not sure that 
than what we have. We have le 
autosomal chromosomes, one 15 with 
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MN, if I am not mistaken. An arbitrary system might only confuse matters as 
it has with numbering the chromosomes by their length and shape, and per- 
haps as Patau has claimed, the Denver system has already gone too far in 
trying to number even the morphology of the human chromosomes. One can- 
not always tell the difference between different chromosomes. For instance, in 


a preparation one cannot always distinguish the X chromosome from an 
autosome. 


Sutton: The possibility of exact identification of particular chromosomes varies 
with both the preparation and the investigator. Some investigators claim that 
they can identify every chromosome, and others can as convincingly point 
out where they cannot. I think the hope still s that one can by use of 
various accessory techniques, but there is danger in falsely precise labeling. 

Vandenberg: I think some people may not be familiar with this. I wonder if 


Dr. Sutton is willing to say a little bit about how the technique works and 
so on. 


Sutton: The technique for studying human chromosomes involves taking about 
10ce of blood and culturing it through several divisions. Colchicine is added 
which halts cell division at the metaphase stage. There are then various tech- 
niques for spreading the white cells on a slide and examining metaphase 
figures. It is a fairly simple matter to count 46 chromosomes if all of them 
are there and perfectly spread. It is also a fairly simple matter to a 
dividual chromosomes to one of 6 or 7 groups, and within these 
of the chromosomes can 
and the position of the 


ssign in- 
groups several 
be identified quite clearly because of their total length 
centromere. But within other groups identification is 
far from clear. If you take a whole series of objects of slightly different 
lengths, it is possible to array them so that the two longest match up, and the 
next two, and so forth giving a very convincing array going from long to short, 
which is the primary basis for arranging chromosomes. But, because there are 
slight differences in contraction, such arraying is subject to tremendous errors. 
A little bit of progress has been made in assigning linkage 
chromosomes, and some suggestions are now in the literature. 
far from knowing any good associations. 

Lindzey: In the chromosomal aberrations 
multiple chromosomes are mentioned. 
mentioned ordinarily be ; 
suspicion th: 


groups to specific 
, but we are very 


associated with mongolism, where 
would the fact that more than one is 
attributed to a measure 


at there are multiple chromosomes in 


Sutton: Well the similarity among persons with mongolism suggests that it is 
always the same chromosome. Now, if you get a variation in the chromosomal 
pattern you next try to interpret this variation in terms of a translocation which 
maintains the original extra chromosome 2], So far this has not always been 
possible, but I am not sure that the restrictions are very severe. I think this isa 
reasonable procedure, although there js some circular reagoning. The fact that 

have been found, and the fairly uniform 


so few viable trisomic conditions 
manifestations of mongolism rather convincingly suggest that the same super- 
‘ases. 


numerary element is involved in all ¢ 


ment error, or is there some 
volved? 
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Fuller: The other trisomics have been identified with a different chromosome, 
and, though very rare, they also show a uniformity. This strengthens the argu- 
ment, although only two other trisomics are known. 

Sutton: Well, a whole variety of aberrations are known. There is the so-called 
isochromosome, where the division is apparently at right angles to the normal 
division, so that the daugher chromosomes consist of two non-identical chro- 
mosomes, one of which has both the long arms, the other which has both the 
short arms. Each daughter cell is thus a partial trisomic and partial monosomic. 
This has been observed on. several occasions and the fact that a coherent 
picture can be made of all this suggests that there is some reasonable basis 


for it. 


Gottesman: I am wondering if I might comment on the concept of herita- 
bility in twin studies, since people in animal genetics use the same term. They 
are using it in a different way than we are. Heritability in a twin study refers 
to within family variance and it underestimates by an unknown amount. If 
there were random mating we could multiply by two and get a better esti- 
mate, but we do not know how much assortative mating there is for each of 
the various behavioral characteris I would like Dr. Fuller to clarify the 
relationship between “heritability” in twin studies and the “heritability” that 
the animal geneticists talk about. 
Fuller: Well, I think at this stage 
over-all family population bas with the 


of your genetic variance will appear betwe , a : 
if you make your comparison of the identical twins solely against their co-twins 
it is one-half the total, However, remember that only with the genetic vari- 
ance do you get half the estimate. You are really measuring: phenotypic vari- 
we do not really know the ratio of the within- 
he between-family phenotypic components. 
estimate heritability from the 


it is perfectly true that in a family, on an 
sumptions of random mating, half 
en, and half within the family, and 


ances, and here, of course, 
family phenotypic components to t 
All we can say is that you always 
twin study. 

Loehlin: It is also true that you underestimate the environmental variation in 
a twin study. So it is a question of which are you underestimating more, the 
éhviranmental’ or the heredit when you confine yourself to within 


tend to under 


ary variance, 
family analyses. 
Fuller: That is something of course that we really do not know. We would 
like to say that there is more variation between families, but I think it is 
quite conceivable that some characteristics, for instance, being the older sib in 
a family, may really have more effect upon a specific area of psychological 
development, than ‘does growing UP in different families. This is why we 
speak ve k osely when we Uy to say that growing up different families 
speak very loosely ) ; : 
is an important factor in the psychological development. 


A Comparison of Socioenvironmental Factors 
in Monozygotic and Dizygotic Twins,’ 


Testing an Assumption 
Richard T. Smith? 


+ of the relative intra-pair similarity of 
monozygotic (MZ) and like-sexed dizygotic (DZ) twins on se- 
lected socio-environmental factors. In studies of twins, the higher 
for MZ as contrasted with DZ twins is fre- 
influence. This conclusion is based, 
environment is common to both 


This is an exploratory study 


intra-pair similarity 
quently attributed to hereditary 
in part, on the assumption that the 
types of twins. 

‘A number of writers have 
sumption. In Lilienfeld’s review 


commented on the validity of this as- 
of problems in genetic-epidemio- 
logical field studies (Lilienfeld, 1961), he has questioned the logic 
of this assumption in twin studies. He cites as an example the 
greater similarity of MZ than of DZ twins with respect to serum 
cholesterol levels and makes the suggestion that “before deriving 
an inference that this is a reflection of genetic control of serum 
cholesterol levels, it would be important to determine whether MZ 
han DZ twins with respect to dietary or 
s that may influence serum cholesterol 
d likewise apply in other twin studies 
vestigation are as likely to be in- 


twins are more similar t 
other environmental factor 
levels.” This observation woul 


in which the variables under in ; 
fluenced by environmental factors as by genetic factors. Similar ex- 
) 


amples can be made of (1) risk of exposure and tuberculosis infec- 
ported, in part, by U.S. Public Health Service Grant 
M-6637 A and conducted under a U.S. P.HS. Fellowship, MF-8883. 

* Department of Chronic Diseases, School of Hygiene and Public Health, 


Johns Hopkins University, Baltimore, Maryland. Paper read at the Genetics 
and Epidemiology Section of the American Public Health Association annual 
meeting held in New York City, October 5-9. 1964. 


‘This study was SUP 


45 
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tion; and (2) the pattern of interpersonal relations and mental 
illness (Rosenthal, 1961; Simonds, 1957). Several other studies 
have indicated that environmental factors may contribute to the 
higher concordance for MZ twins (Jones, 1955; Newman, Free- 
man, & Holzinger, 1937). aay 
The present study is an attempt to assess the degree of similarity 
and dissimilarity for MZ and DZ twins on selected factors in the 
environment. Various studies have shown that MZ twins are more 
similar than DZ twins on selected personal and behavioral charac- 
teristics. It has been observed that MZ twins in general form closer 
bonds of attachment than DZ twins (Shields, 1954); MZ twins tend 
to be treated more alike by their parents (Jones, 1955); MZ twins 
are more likely to exhibit 
tual interdependence 
(Jones, 1955). 
lected personal 


a division of social roles involving a mu- 
of role relationships, e.g., leader-follower role 
This study is a more detailed investigation of se- 
and social characteristics of MZ and DZ twins. 


Study Group and Methods 


Initially, 262 white, like-sexed 


5 adolescent-aged twin pairs were 
selected for inclusion in the 


study. The twins were selected from 
the public schools in a large metropolitan area. Their ages ranged 
from 13 through 16 years at the time of the study. 

Prior to actual contact with the families, 43 pairs (16.4%) were 
excluded for reasons ranging from family out-migration to institu- 
tional care for one or both members of a pair. Of the remaining 
pairs, 26 (11.9%) of the families contacted refused to participate in 
the study. Twenty-nine (13.2%) families participated but refused 
permission to have blood specimens taken from the twins. Blood 
samples were collected from 164 pairs which accounted for three- 
fourths (74.9%) of the primary study group (N = 219) under in- 
vestigation. This latter group of 164 pairs is used in the analysis of 
the data presented here, 

A questionnaire was developed for the 
formation on the personal and 
Data were collecte 


purpose of obtaining in- 


Seneral, twins were interviewed in 
terview was held with parents for the 
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purpose of obtaining necessary background information on each 
twin pair. The schedule included such items as household com- 
position, education, occupation, and income of the head of the fam- 
ily, maternal and twin birth information, and other items related 
to the twins’ family environment. The parent interviews were con- 
ducted in the home. 

Zygosity testing was carried out by an independent laboratory.* 
Blood typing for dizygosity was performed in a sequential manner. 
Tests for the minor factors were carried out only when differences 
failed to appear on the major factors. 

The data from this study will be presented in the following order: 
first, background factors, and second, personal and social factors re- 
lated to the degree of intra-pair similarity observed for MZ and DZ 


twins. 


Results 
of similarity of difference between MZ 
to look at the background character- 
istics of the study group first. Of the 164 twin pairs who partici- 
pated in this study, 90 pairs were classified as MZ and 74 pairs 
were DZ. Table I shows the distribution of these cases by age and 
sex for each type of twin. Females outnumber males in each of the 
two classes of twins. This finding is in accordance with most twin 
studies. In general, the age distributions for male and female twins, 
for both MZ and DZ groups, are sufficiently similar as to rule out 
any selective age bias.* 

Another factor related to the 


In assessing the degree 
and DZ twins, it is necessary 


twins” background and family en- 


vironment is that of parental recognition of the twins’ zygosity. In 
this study, the parent was asked whether or not the twins were 
identical, This information was compared to the zygosity findings 
determined by blood typing: The extent of misclassification of 
twins is shown in Table II. The order of magnitude of misclassifi- 
were used: ABO, Rh, MN, Kell, and Duffy. 
a diagnosis of dizygosity is approximately 
uel-Nielsen et al., 1958). The error of 
d to be approximately 10%. 

Tests for differences in age distributions between MZ and DZ twins, for 
independent samples, were made using the Kolmogorov-Smirnov test. No sig- 
nificant differences were observed. 


"Five blood group systems 
The probability of establishing 
90% using the five blood groups J 


dizygotic misclassification is considere! 


TABLE 1 


Ace Distripution or Twin Pairs py Sex anv ZyGosrry 


Males Females Both 

Age MZ DZ DZ MZ DZ 

No. % No. % No c ee % Nes 
13 10 22.8 8 23.5 11 0 8 20.0 21 23.3 16 21.6 
14 ] 30.0 4 20.6 16 32.0 9 22.5 25 27.9 16 21.6 
15 12 22.5 12 35.3 10 20.0 15 37.5 22, 24.4 2F 36.5 
16 9 25.0 a 20.6 13 26.0 8 20.0 22 24.4 15 20.3 

40 100.0 34 100.0 50 100.0 40 100.0 90 100.0 74 100.0 


TABLE II 
Distrinction or Twix Pairs py SEROLOGIC AND STATED? ZyGoOsITY, AND 
Trsts For DIFFERENCES IN Proportions MISCLASsIFIED, BY SEX 


Stated Zygosity 


Difference in 
Serologic 1D FRAT DK. Total Proportions 
zy gosity misclassified 
and sex No. % No. % No. % No. % (exel. D.K.) 7 R< 
NZ 29 72.5 6 15.0 5 12.5 40 100.0 
Males —0.05 —0.50 ns 
DZ vf 20.6 25 73.5 2 5.9 34 100.¢ 
5 36 31 7 74 
MZ 41 £2.0 6 12.0 3 6.0 50 100.0 
Females -0.24 —2.58 05 
DZ 14 35.0 24 60.0 2 5.0 40 100.0 
55 30 5 90 
MZ 70 78.0 12 13.0 8 9.0 90 100.0 
Both -0.15 —2.44 05 
DZ 21 28.0 49 67.0 4 5.0 74 100.0 
91 61 12 164 


@ Stated by parent. 
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cation observed in this series varied from 12 to 15% for MZ twins, 
females and males respectively, to 20.6 and 35.0% for DZ twins, 
males and females respectively. The major error is observed 
among females where a high of 14 pairs are presumed by the par- 
ent to be identical and are defined by blood typing as DZ. This 
could affect the degree of environmental variation in terms of in- 
tra-pair similarity patterns between MZ and DZ twin pairs, espe- 


TABLE IIT 
Percent Distripvtion® ny Birt Orver ror Moxozycoric 
ANd Dizycotic Twins, py Sex 


Percent distribution 


Birth met) Males _ Females - - Both = 
order MZ DZ MZ DZ MZ DZ 
01 29.9 35.9 32.6 31.5 31.5 34.3 
02 34.2 23.8 26.7 23.2 29.4 23.9 
03 20.4 22.4 16.4 16.2 18.9 15.1 
04 8.6 11.4 9.5 13.1 9.3 11.6 
05 1.4 = — 9.9 0.7 9.1 
06 4.1 2.4 14.8 1 9.6 1.5 
07 _ 4.1 — Be — 2.0 
0g = =e, = 11 2 0.6 
10 — = oo i = 1.9 
i 1.4 _ — = 0.6 — 
Total %: 100.0 100.0 100.0 100.0 100.0 100.0 

Total N : 40 34 50) 38 90 92 


: Adjusted for total number of pregnancies of mother (including stillbirths and 
miscarriages). 

cially for the female group. That is, the 
greater similarit 
bec 


re may be a likelihood of 
y among segments of female DZ twin populations 
ause of parental misunderstanding with regard to the twins’ 
zygosity status. This would bias the analysis of female twin con- 
cordance rates on environmental factors in the direction of mini- 
mum differences thus erroneously leading to the possible conclu- 


sion that, for all practical purposes, the environment for MZ and 
DZ twins is the same. 


The next two tables 


deal with back tors related to 
fish axter end agin, ackground factors relate 


al age. Previous observations have show? 


SOCIOENVIRONMENTAL FACTORS IN TWINS Sl 


that birth order, i.e., rank order of birth among all offspring, and 
maternal age of the parent at the birth of twins vary directly with 
the frequency of DZ twinning. These relationships do not seem to 
obtain for MZ twinning (Yerushalmy & Sheerar, 1946). In this 
study, DZ twin births do not occur more frequently in the higher 
birth order ranks than MZ twin births as shown in Table III. The 
average birth order rank for MZ pairs is 2.3 and for DZ pairs it is 
2.8. In Table IV, the frequency of DZ twins tends to increase with 


TABLE IV 
Percent Distriution? BY MATERNAL Ace ror MonozyGotic ANd 
Dizycoric Twins, BY SEX 


Percent distribution 


Maternal Males Females Both 
age at birth 
of twins MZ DZ MZ DZ MZ DZ 
< 20 4.6 5.1 3.9 ~ 4.3 1.4 
20-24 33.2 26.8 30.7 21.0 32.4 20.6 
25-29 38.0 25.4 27.4 33.3 31.7 32.5 
30-34 16.1 32.3 23.9 26.0 21.0 27.5 
= 35 8.1 10.4 14.1 19.7 10.6 18.0 
Total % : 100.0 100.0 100.0. 100.0 100.0 100.0 
Total 40 34 50 38 90 72 


« Adjusted for total number of pregnancies of mother (including stillbirths and 


miscarriages). 


with the MZ distribution. The mean 


maternal age in comparison atc 8 
and for the DZ group 


maternal age for the MZ group is 26.8 years 
28.8 years. 

Another factor lik 
of intra-pair similarity 
nomic status of the family. 


ely to be of importance in assessing the degree 
between these two groups is the socioeco- 
Families of differing social status usually 
reflect differences in styles of life including child-rearing practices, 
living standards, and leisure-time activities. The twins’ environment, 
especially during their formative years, may be strongly influenced 
by the relative social status of the family. 

A measure of family socioeconomic status (SES) was derived 
from the occupation, income, and education of the head of the 
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household.® This is defined as a family’s SES score. The distribu- 
tion of SES scores for the families of MZ and DZ twins is shown in 
Table V. Families of DZ twins are more likely to be characterized 
by a low SES than families of MZ twins. This difference is sees 
cally significant.° This finding is consistent with the results obtaine 
by Lilienfeld and Pasamanick (1955) in their analysis of variations 
in the frequency of twin births by socioeconomic status. In that 


TABLE V 
Distrinvtion or MZ axp DZ Famiutes ny Soctorconomic Status* 


Twin families 


MZ DZ Both 
SES Ss : parents SRS ———_. 
score No. % No.* % No. : ¢ 
<7 3 3.5 2 2.8 5 3.2 
7-9 9 10.5 13 18.3 22 de 
10-12 16 18.6 27 38.1 43 age 
13-15 23 26.6 10 14.1 33 21.0 
16-18 20 23.3 11 15.5 31 19.7 
19-21 9 10.5 6 8.4 15 9.6 
22-24 6 7.0 2 28 8 5 y 
86 100.0 71 100.0 157 100.0 
Unknown : 4 — 3 —_ 7 rac 
Total 90 74 164 


“ Low score = low SES; high score = high SEs. 
* Mean = 1 


¢ Mean = 


; median = 14.4, 
+ median = 11.4. 


study, it was observed that the dizygotic frequency of twin births 
was highest in the lowest socioeconomic stratum. One possible ex- 
planation for this variation in MZ, and DZ twins by SES levels may 
relate to family size. The larger the size of the family, the greater 
the likelihood of DZ twin births since DZ twinning increases with 


“A hierarchy of scale values was assigned to each range of categories for 
each variable. The sum of the three 


scale values, one for each variable, al 
sulted in a total SES for each family. A low score reflects a low socioeconomic 
status. 


* Kolmogorov-Smirnov test: D= —.27; P< 01, 
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maternal age and to some extent birth order. Since this relationship 
does not obtain for MZ twins, it is conceivable that the excess of 
DZ twins in families in the lower SES levels is due to the number 
of offspring produced. 

The second part of this paper concerns the findings obtained 
with respect to intra-pair similarities for MZ and DZ twins on a 
number of personal and social characteristics. A number of items in 
the questionnaire dealt with everyday habits of the individual. 
These included food, sleep, dress, and study habits. The twin was 


TABLE VI 
Proportions? CoNcorDANT WITH SELECTED Haanits For 
MZ axp DZ Twin Patrs, py Sex 


Males Females Both 
Habit MZ DZ MZ DZ MZ DZ 
Eating between meals 72.5 66.7 77.1% = 57.5 75:0 61.6 
Snack before bedtime 50.0 66.7 60.4 62.5 55.7 64.4 
Time usually go to bed 59.0 72.7 2.9 57.5 66.7 64.4 
Time usually get up 60.0 53.1 ‘9 65.0 67.0 59.7 
Dressing alike 59.0 67.1 68.7% 33.3% 64.4% 40.3% 


‘ b b 
Study together 23.1 9.1 54.2 20.5° 40.2! 15.3) 


i vari airs ending on response item. 
* Proportions are based on varied number of pairs dep nding I 


‘PS .05 
asked a specific question on each of these items such as “Do you 
eat between meals?” The response to each of these questions was 
compared to the co-twin’s response. In the matrix resulting from 
the twin and co-twin responses to an item, concordance ratios were 
computed using the combined diagonal cell frequencies of mutual 
agreements, In this manner, intra-pair similarity ratios were ob- 
tained for each subgroup, ie., by sex and zygosity, for each of the 
items. . 

With respect to these habits, concordance rates are highest for 
female MZ twins as shown in Table VI." In addition, the differ- 
ences in concordance rates between MZ and DZ twins in general 


for equality of proportions in independent 


*In this ormal test ee P 
rota cee at the .05 level is called “significant. 


Samples was employed; a difference 
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are more marked for females than for males. The over-all results 
indicate that there is a somewhat consistent pattern of greater intra- 
pair similarity among MZ as contrasted to DZ twins with respect to 
everyday habits. 

The members of a twin pair were asked also to indicate the ex- 
tent to which each engaged in school, extracurricular, and leisure 
activities. Information was obtained on such activities as participa- 
tion in school and outside groups, involvement in athletics, extent 


TABLE VII 
Proportions? ConcorDant wit SELECTED ACTIVITIES FOR 
MZ ann DZ Twin Patrs, py Sex 


Males Females Both 


Activity MZ DZ MZ DZ MZ DZ- 


Active in school groups 28. 32.3 58.7 57.9 44.7 46.4 
Active in other clubs 37 


2 
5 41.4 43. 30.0 40.7 34.8 
1 


Number of sports played 23. 25.0 20.8 25.0 21.8 25.0 
Active in other outdoor 


sports 60.5 59.4 87.4 45.0 58.8 51-4 
Attend sports games 79.5 59.4% 66.7 60.0 72.4% 59.7" 


Attend movies together 55.0 39.4 63.8 55.0 59.8 47.9 
Play musical instrument 15.0 14.7 34.00 17.5% 25.6 16.2 


Same close friends 55.0 = 30.3% 59.6 35.08 57.5% 32. 9? 


on 


* Proportions are based on v: 


aried number of pairs depending on response ite™- 
eae D pending P 


of other leisure-time pursuits, and type of friendship patterns. For 
each twin pair, those who indicated the same degree of involve- 
ment in a specific activity were defined as concordant. 

The results are shown in Table VII. There are noticeable varia- 
tons in paired agreements as one examines the different activities 
presented in this table, For example, twin pairs tend to show high 
concordance rates for attendance at sports games whereas for the 
number of sports played, the rates drop considerably. It is inte! 
esting to note that a markedly higher proportion of MZ twins as 
compared to DZ twins have the same close friends. This holds true 
for both sexes. In viewing the intra-pair similarities of MZ and DZ 
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twins with respect to each of these activities, it is apparent that, in 
are higher for MZ than for DZ twins. 
in this study was household chores. 
ere included in the questionnaire. 
options, and scores used for 


general, paired agreements 

Another activity investigated 
Six household chore items W 
These items as well as the response 
cach item, are listed in the Appendix. In order to obtain a com- 


bined measure for comparing MZ to DZ paired responses, absolute 
d for each group. This 


mean intra-pair differences were compute! 


was accomplished by taking the paired absolute difference in total 


TABLE VUI 
yw FREQUENCY OF Hov 
yric AND DizyGotic Twp 


sHOLD Cuore ACTIVITIES* 
Pairs, BY SEX 


Test or Mean Dtrrer 
BETWEEN Mop 


Sex and zygosity N a Var.p S.E.p t 
Males MZ 34 2.50 4.41 0.54 —0.33 
DZ 28 2.68 
Fenates. 46 2.07 3.76 0.42 ~0.90 
‘ DZ 38 2.45 
MZ 80 2.25 4.01 0.33 —0.89 


Both 66 2.55 


“See Appendix for the items included and the response options and weights 


used for each item. 


scores as derived from the sum of the values of all six items for 
each member of that pair. These differences were then totaled for 
all pairs and divided by the number of pairs in that group to arrive 
at an absolute mean difference. The results of these calculations as 
well as the tests of mean differences are presented in Table VII. 

As shown in this table, the relative degree of intra-pair differ- 
ences is not much greater among DZ than among MZ twins. This 
observation is the same for poth sexes. In general, both types of 
twins seem to be more or le influenced by factors within 


the family environment. 

Twin data were also gathere 
of daily beverage consumption. 
and vegetables on the questionnaire, th 


ss equally 


d on food preferences and patterns 
From a listing of staple foods, fruits, 
he twin was instructed to in- 
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dicate his degree of preference for each food item by checking one 
of a number of response categories. In a similar manner, informa- 
tion was obtained concerning each twin’s daily consumption of 
beverages. The items included under each of these headings are 
listed in the Appendix. 


TABLE IX 
Tests or Mean Dirrerences ox Fooo Prererence Lrems? BETWEEN 
Monozycotic axp Dizycotic Twix Partns, py SEX 


Preference factor, 
sex, and zygosity N d Var.p S.E.p t 


Staple food preferences 


Males Nf re cc. oe ae -1.48 
Females NE : rye 2.61 0.39 0.16 
Both i - “4 2.90 0.32 —0,90 
Fruit preferences / : 7 
Males - s “ 3.95 0.57 -0.29 
Females he “3 : = 2.34 0.38 —2.64" 
Both > Ke pe 3.02 0.32 —2.00° 
Vegetable preferences : oan = 
Males ae . ran 3.96 0.58 —0.57 
Females pay . ~ 1.58 0.82 —2.42? 
Both in z ne 2.62 0.31 —1.94" 


* See Appendix for items include, 
response options and weig! 
*PS< 05 


din each food preference category and the 
hts used for each item, 
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To simplify the arrays of items included under these two general 
categories, as well as to assess the extent of paired similarities be- 
tween MZ and DZ twins, absolute mean intra-pair differences were 
calculated for the various categories for each group. The findings 
on the food preference items are shown in Table IX while those 
on the beverage factor are shown in Table X. 

Among males, the mean intra-pair differences observed for DZ 
twins are consistently higher than those observed for MZ twins for 
s. That is, male DZ pairs tend to show 
greater variations in their food preferences. For females, mean dif- 
ferences are markedly greater for DZ twins than for MZ twins with 
respect to fruit and vegetable preferences. However, a slight re- 
versal in direction occurs among female twins concerning staple 


foods. 


all food preference categorie 


TABLE X 


xer ox Dairy Bey 
- xp Dizycoric Twix Pairs, By Sex 


sRAGE ConsuMPTION IreMs* 


Test or Mean Dirre 


BETWEEN 4 
ree ee ee eee 
Males ca “ i 4.69 0.58 1.45 
Females ne Bs me 6.73 0.61 —1,04 
Both ne i 5.90 0.43 0.00 


“See Appendix for the items included and the response options and weights used 


for each item. 


In Table X, a comparison of mean differences among males indi- 
cates that MZ twins are less similar with respect to beverage con- 
sumption than DZ twins. On the other hand, female DZ twins show 
greater variation on this factor than female MZ twins, 

Other factors related to the degree of intra-pair similarity for 
MZ and DZ twins were investigated. One interesting facet per- 
tains to the psychological factor of self-evaluation by means of 
comparison to the co-twin. Responses to this self-with-other ap- 
praisal was obtained by asking each twin the following type of 
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question: “Compared to your twin, who does more work ee 
the house?” Three response options were listed: (1) ss pica 
(2) “my twin,” or (3) “no difference between us.” Questions ee 
asked with respect to eating and sleeping habits, household iia 
school and sports activities, and parental treatment. Concordance 
rates were tabulated using the paired agreements to the response 
of “no difference.” Among both males and females, concordance 
rates are higher among MZ than among DZ twin pairs. In general, 
MZ twins show a greater tendency to agree mutually that there is 
no difference between them. 

As a final note on the data examined in this study, brief men- 
tion can be made of the findings obtained concerning the similarity 
of dress habits of twins. This information was obtained from the 
parent. One question asked of the parent was, “Up to what age 
did you dress the twins the same way?” Parents of female MZ 
twins tended to dress their twins in the same way to an older age 
level than did parents of DZ twins. However, parents of male MZ 
twins tended to treat their twins in much the same manner as 
parents of DZ twins. In addition to information about past prac- 
tices, parents were asked how often the twins dressed alike at 
their present age. Among females, MZ twins are regarded by their 
parents as “frequently” or “almost always” dressing alike while, in 
contrast, DZ twins are considered to dress alike “rarely” or “never. 
This observed difference in the two distributions is statistically sig- 
nificant. For males, the direction is the same but the finding is 
not significant. 


These factors as well as others not discussed in detail in this 


paper tend to give some support to the notion that MZ and DZ 
twins are treated, and thought of, differently by their parents—a 
situation which may, in turn, have a further impact upon the 
twins’ perceptions of themselves. These findings may be important 
in twin studies investigating various aspects of mental illness. 


Discussion and Summary 


The implications with regard to twin studie 
in view of the observations prese’ 
pear that there is a relatively gre: 
among MZ as compare: { 


s may be considered 
nted in this paper. It would ap- 
ater degree of intra-pair similarity 
d to DZ twins with respect to habits, ac- 
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tivities, personal preferences, parental treatment, and self-images. 
In addition, DZ twin families are more frequently observed to be of 
lower socioeconomic status than are MZ twin families. This finding 
supports the notion that there is a difference in the overall en- 
vironment of the two types of twins which will, in turn, influence 
intra-pair differences. 

If a given condition is likely to be subject to environmental in- 
fluence, irrespective of the role of genetic influence, to the extent 
that these environmental factors are not taken into account, one is 
less certain that the greater concordance observed among MZ twins 
is not a manifestation, in part, of the greater environmental simi- 


larity among monozygotics. 
be more important in those instances 


These observations may 
in which one is concerned with a particular condition where one is 


using a female twin study group. The direction and extent of dif- 
ference is more pronounced among female twins than among male 


twins. 
Based on the over-all findings presented in this study, it seems 


evident that the assumption of a common environment for MZ and 
DZ twins is of doubtful validity and, therefore, the role of environ- 
ment needs to be more fully evaluated in twin studies. 
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APPENDIX 


For each household chore item (listed below) the following response options 
and weights were used. 


Response Option Weight 
Every Day 4 
Two to 6 times a week 3 
Once a week 2 

<Once a week 1 
Never 0 


Household chore items: 


a. Help with the dishes 

b. Make your own bed 

c. Dust the furniture 

d. Run errands to nearby store 
e. Help with grocery shopping 

f. Take out the trash or garbage 


For each beverage item (listed below) the following response options and 
weights were used. 


Response Oplion Weight 
>3 glasses 5 

3 glasses 4 

2 glasses 3 

1 glass 2 
<1 glass 1 

None 0 


Beverage items: 


a. Milk 

b. Chocolate Milk 
c. Buttermilk 

d. Orange Juice 
e. Coffee 

f. Tea 


For each food item ( 


listed below) the 
were used. 


following response options and weights 
Response Option Weight 
Like very much 3 
Not very much but eat it 
Dislike, never eat it 


2 
1 
Don’t know, never tasted it 0 
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Staple food items: 


a. 
b. 
. Pork Chops 
. Steak (beef) 
. Liver 


Chicken 


Ham 


Fried Eggs 


. Boiled Eggs 
. Mashed Potatoes 


Raw Potatoes 
Seafood (fish) 


Fruit items: 


a. 


Apples 


. Oranges 


Peaches 


. Pears 


Grapes 
Plums 


. Bananas 
. Apricots 


Watermelon 


Vegetable items: 


a. 
b. 
c. 
d. 


e. 


Raw Carrots 
Ripe Tomatoes 
Raw Celery 
Raw Radishes 
Raw Cucumbers 
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Personality and Natural Selection 


Irving I. Gottesman 


New ideas in human behavior genetics may be set in motion by 
construing psychological groups 2s Mendelian populations (Tryon, 
1957; Thompson, 1957). The continuity, complexity, and fluidity of 
behavior (Thompson, 1964) together with the hazards of interpre- 
tation of phenotypic correlations impose barriers on those who do 
research in this area which may impair their vision of solutions to 
the particular problems of human behavior genetics. A major pur- 
pose of this paper is to entertain the notion that it may be fruitful 
to look at personality and natural selection simultaneously. Bridg- 
ing the gap between population genetics on the one hand and 
social anthropology on the other may be one of the roles for the 
human behavior geneticist. ; 

Demonstration of a heritable component in the variation ob- 
served in several personality traits and types (Gottesman, 1962, 
1963b; Vandenberg, 1962) has immediate implications for the evo- 
lution of our species stemming from the theory of natural selection. 
The one nonrandom genetic process that accounts for the adaptive 
orientation of evolution is reproduction (Simpson, 1958, pp. 18-19): 
“If reproduction is differential, if there isa correlation between dis- 
tinctive genetic factors in the parents and their relatively greater 
success in reproduction, then there will be an increase m the fre- 
quencies of those genetic factors (and combinations of them) 
within the population from one generation to ssiprties, = x Th 
in brief, and shorn of numerous complications, 18 the modern con- 
cept of natural selection.” The evolution of personality ean be ex- 
plained by this process only to the extent that personality kr her- 
itable; differential reproduction based upon ae ia one 
which has been transmitted culturally, complements that adapta- 
tion which was associated with genetic variation. Simpson said 
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that the modern theory of evolution reinstates behavior, not merely 
as something to which evolution has happened, but as something 
which is itself one of the essential determinants of evolution (Simp- 
son, 1958, p. 9). 

Tables I, II, and III present data on the heritability of per- 
sonality traits and on assortative mating for some of these traits. 
Only those traits measured by the Minnesota Multiphasic Personality 
Inventory (MMPI) have been selected for illustration (Dahlstrom 
& Welsh, 1960). For nonpsychologists who are unfamiliar with the 
MMPI I would like to digress for a moment and say that it is 


TABLE I 


Minnesota Stupy MMPI Scare Herrranmity INxprces 
For Tota, Group, Femates, anp Ma.es 


Total Group Females Males 
Seale H Fe H Fe H Fe 

1 Hypochondri- 

asis 16 1.19 25 1.33 01 1.01 
2 Depression 45° 1.81 22 1.28 65 2.88 
3 Hysteria -00 86 00 56 48 1.74 
4 Psychopathic 

deviate 50 2.01 37 1.60 7 4,35 
5 Masculinity- 

femininity 15 1.18 00 99 45 1.88 
6 Paranoia 05 1.05 00 70 52 2.09 
7 Psychasthenia 387 1.58 47 1.89 24 1.31 
8 Schizophrenia -42 1.71 36 1.56 50 2.00 
9 Hypomania 24 © 1.39 331.50 00 81 
0 Social 

introversion afl 3.42 60 2.49 84 6.14 


* The three values of F re 


quired for significance at the .05 level are 1.78, 2.045 
and 2.72 for the total group, 


the females, and males, 


not just another questionnaire test of personality, Each item on the 
personality scales of the MMPI was derived by an item analysis 
which contrasted the frequency of endorsement of a response, 
true or false, by some criterion group which had been defined after 
careful study by psychiatrists and psychologists, with frequencies 


from a control group. Take one scale, for example the one 
labeled “Depression”; 


3 the originators of the test, Starke Hathaway 
and J. C. McKinley, took an item, computed the frequency with 
which the normal group said true, and then computed the frequency 
with which the depressed patients under psychiatric study said 


PERSONALITY AND NATURAL SELECTION 65 


true. If there was a significant difference between these percent- 
ages of about three times the standard error, the item was selected 
for that scale. I do not really want to go into the details of the 
construction further, but I thought that it ought to be known that 
each scale was derived empirically by this method of contrasting 
“normals” with diagnosed criterion groups. This is one reason why 
the MMPI is different from personality tests derived by factor 


analysis. 


TABLE I 
PI Scare Heriranmity Ixpices 


Harvarp Twix Stupy M M 
anp MALES 


ror Tota, Group, FEMALES, 


Total group Females Males 
Seale H i H vi s cs 

1 Hypochondri- 

asis ol 1.01 00 89 09 1.10 
2 Depression 45 1.82 48 1.91 “Be ine 
3 Hysteria .80 1.43 44 1.79 alll 1.12 
4 Psychopathic 

deviate 39 1.63 46 1.47 ad Lame 
5 Masculinity- 

femininity 29 1.41 “80 Ladd 7 Ags 
6 Paranoia ‘ 388 1.61 -40 1.67 a Use 
7 Psychasthenia 81 1.46 60 2.53 00 ay 
8 Schizophrenia 33 1.49 of — rt ec 
9 Hypomania 13 1.15 ld Aes ” _— 
0 Social 

introversion 33 1.49 ie = = ne 


@ The three values of F required for significance at the .05 level are 1.47, 1.66, 


and 1.78 (preliminary analysis). 

ived from the study of 34 
adolescent twins and 34 pairs of fraternal 
(DZ) same-sex adolescent twins from the public high schools of 
Minneapolis and St. Paul, Minnesota (Gottesman, 1962, 1963b). 
It is worth noting at this point that zygosity was always diagnosed 
by extensive blood typing: The Smith and Penrose (1955) proce- 
dure was used which I would like to recommend to you. If just 


concordances for the blood group genes are taken, this is 
not as precise as the Smith and Penrose method which allows one 


The heritabilities in Table I are der 


pairs of identical (MZ) 
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to assign the probability of dizygosity to each pair. The eon 
group gene frequencies which were used are given in sors an 
Sanger (1962) and are based on the Caucasian English population 
blood-typed during World War Il. 
About 90% of the Minnesota sample reported one or two parents 
of Scandinavian extraction and something like three-fourths of the 
twins were Lutheran. When the data of Table I are compared 
with the data of Table II some differences will be noticed which 
might provide a basis for speculating about a different gene pool 


TABLE III 
Harvarp Twix Stupy 
Farner x Motner Correratioxs 
os MMPI Scares 
(N = 66 pairs) 


Seale r 
Hs 2650 
D -08 
Hy 00 
Pd 260 
Mf —,05 
Pa — 11 
Pt 06 
Se =.11 
Ma = 25 
Si 01 


* Significant at the .05 level (pre- 
liminary analysis). 


around Minneapolis and St, P. 
ton, but that kind of spe 
Tables II and IL presen 
progress, The sample 


aul from the gene pool around Bos 
culation can be saved for the Discussion. 
t data from a large twin-family project um 
Consists of §2 pairs of MZ twins, 68 pairs 
of DZ same-sex twins, 58 siblings of the twins the same sex as the 
twins, and 66 pairs of mothers and fathers of these twins, all from 
the greater Boston area, Some 29 twin pairs were removed from the 
data analyses because their tests were invalid. When self-reports 
are used from twins or any other population, one has to check 
whether the subjects understand the test items, The MMPI is one 
of the few tests that has a built-in indicator of lack of cooperation 
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or poor reading comprehension. The results in Tables II and HI 
are submitted as a promissory note on a more thorough analysis 


(e.g. Gottesman, 1963b). For the time being, it is hoped that the 
data will serve as a ticket of admission to the realm of speculation. 
aptive value refers to the reproductive 


Darwinian fitness or ad 

efficiency associated with a particular genotype and not necessarily 
to a strong back or a deadly aim. Any parental personality factors 
which would lead to celibacy, early divorce, or aversion to diapers 
~you can think of other things—would contribute to a lack of fitness. 
Selection against genotypes carrying a substantial number of genes 
associated with such personality syndromes (operationally defined 
by configurations of those traits with substantial heritabilities ) 
should lead to a decrease in the numbers of those genotypes. In 
other words, discrimination against schizoid, highly aggressive, or 
paranoid types, and other varieties of neurotic and psychotic in- 
dividuals as suitable marriage partners should decrease the fre- 
quencies of the associated genes in the next generation. For a va- 
riety of reasons, about two ‘million males and two million females 
over age 45 are unmarried in this country and therefore con- 
tribute no genes to the gene pool; that may be a gratuitous assump- 
tion. Other genes are selected against by biological and psychologi- 
cal sterility. The personality correlates of family size in cultures 
with access to contraception are unknown, as far as I know. Kall- 
mann’s (1946) nuclear group of schizophrenics, 1.¢., hebephrenics 
and catatonics, had a marriage rate 55% that of the general popu- 
lation; their birth rate per marriage was 42% (1.4 versus 3.3) that 


of the general population. If this line of reasoning has any validity, 
cteristic of our species? Why has 


why is mental illness still a chara A 
been eliminated from the gene 


schizophrenia, for example, not , ; 
pool? It is precisely these kinds of questions which the theory of 


polygenic inheritance explains, or at least can handle. Fuller’s work 
on audiogenic seizures in mice and Wright's work a polydactyly 
in guinea pigs would seem to indicate that only those genotypes in 
which a_ sufficient number of the genes are manifested in the 
phenotype as pathological will be selected against. Individuals on 


the continuum of pathological behavior who are below the “cutting 
Iture will then be “carriers” whose 


score” established by their ct 
offspring may manifest the full-blown illness should there be a 
supra-threshold accumulation of the associated genes. When I speak 
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about a cutting score established by the culture, | mean that dif- 
ferent segments of our culture tolerate different amounts of psy- 
chopathology, so that an individual in one stratum of society might 
be hospitalized earlier and therefore prevented from marrying 
and perpetuating his genes. Is there, then, some adaptive value in 
moderate proportions of pathological genes in a polygenic system? 
If the schizophrenia scale on the MMPI, for example, can be con- 
strued to be a dimension of flexible behavior, as opposed to rigidity, 
as well as of irrational behavior, the adaptive value of the trait be- 
comes apparent. Numerous studies have elicited the adjectives de- 
scriptive of the behavior of nonhospitalized individuals, e.g., college 
students and Air Force officers, who obtain the major configural 
patterns on the MMPI (Dahlstrom & Welsh, 1960). High Sc, or 
schizophrenia scores, for example, have been described as versatile, 
ingenious, inventive, and imaginative. In moderation the depres- 
sion scale may reflect caution and control; the psychopathic deviate 
scale may reflect courage and vigor; paranoia may reflect sensi- 
tivity and awareness; some psychasthenia may correspond to con- 
scientiousness; and social introversion may reflect inhibition and 
conformity, These speculations are only meant to convey the notion 
of an adaptive value of moderate amounts of what is ordinarily 
called pathology. 

In one sense, the unit of evolution is the male-female dyad 
which cooperates to propagate its genes. Interpersonal behavior 
vis a vis the opposite sex then takes on added evolutionary signifi- 
cance in a civilization which can control its birth rate and in 
which reproduction is preceded by courtship and marriage. While 
we may lament the present state of the world, it might have been 
worse had there been no selection in favor of a modicum of ¢0- 
operation or what Henry Murray (1961) chose to call dyadism. 

Even the smallest selective advantage or disadvantage of a heri- 
table characteristic is important for the gristmill of evolution. If @ 
genotype produces on the average l-s surviving offspring for 
every survivor produced by other genotypes, the former is said 
to be discriminated against by a selection coefficient s. Given 
enough time, the favored genotype will become established and the 
unfavored genotype will be eliminated from the population. The 
speed of the selection process will depend upon the size of s, the 
frequencies of the genes selected for, and the size of H, heritabil- 
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ity. In a simple case, selection against a recessive gene with an 
initial frequency of 50% and weak selection, s =.1; the incidence 
of the gene diminishes at the rate of about 1% per generation 
(Dobzhansky, 1962). The predictions for polygenic systems are 
very speculative. The speed with which selection accomplishes spe- 
cific results decreases with increasing number of loci (Stern, 1960). 
With the intense artificial selection of the laboratory, Tryon (1942) 
obtained virtually complete separation of his maze-bright and 
maze-dull rats after eight generations of inbreeding for this poly- 
genically determined behavior. 


Class Differences and Societal Structure 


Class differences are differences between populations, not be- 
tween individuals. Whenever there is a sizable degree of reproduc- 
tive isolation between populations, the relative frequencies with 
which the different forms of genes occur in their gene pools will 
differ, In view of the demonstrated heritability for some aspects of 
personality, and the possibility of assortative mating (even though 
Table III does not show it to be important), it is possible that 
some social class differences observed in the incidence of mental 
illness and other aspects of personality may be partially ona genetic 
basis rather than the wholly environmental basis so popular at this 
time, Because this raises the spectres of Social Darwinism or of 
Aryan mythology, scientists must be careful not to throw out the 
baby of empirical behavior genetics with the bath water of race 
and class prejudice. Differences in gene frequencies for the blood 
groups are well established in such groups as the Jews in Rome con- 
trasted with their Italian Catholic neighbors, the Basques, endoga- 
mous Indian castes, and Celtic-speaking Welshmen (e.g. Dobzhan- 
sky, 1962; Stern, 1960). ; 

Behavioral differences among social classes which ig have a 
partially genetic origin have only a speculative ae ss aiklend 
tion will not have been in vain if it leads to more e ective treat- 
ment procedures for physical and mental illness than those ex: 

d among social strata in 


tant, Granted that the differences observe’ ata 
the United States with respect to mental illness are quantitative 


and not qualitative, since when can a prevalence tate of the psy- 
choses in the lowest stratum 800% greater than that in the upper 
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two strata be dismissed as merely quantitative? That fact oe 
from Hollingshead and Redlich’s (1958) epidemiological study be 
New Haven. In this same study, the prevalence rate for the neutoses 
was some 360% greater in the upper two strata than in the nee 
suggesting that polygenes associated with the neuroses Lanlaepiae 
1962) may be accumulating toward the top of the social scale an 

those associated with the psychoses accumulating toward the hot- 
tom. At least it suggested that to me. In a more recent midtown 
Manhattan study of Srole, Langner,. Michael, Opler, and ao 
nie (1962), social psychiatrists reported sick-well ratios for the 
mental health status of a representative sample of untreated adults 
in midtown New York based upon an intensive home survey. For 
every 100 well adults in the highest of six social strata they ae 
46 sick; for every 100 well adults in the lowest stratum they founc 
470 sick. While these authors do not rule out the possibility of con- 
stitutional factors in the etiology of the reported differences among 
social status groups, their preferred explanation focuses upon er 
tain specific forms of sociocultural processes operating within the 
framework of the social class system” (Srole ct al., 1962, p- 236). 
The gradient observed for the frequency of the psychoses across 
social classes suggests an analogy to the gradients of allele ie 
quencies for type B blood and for some morphological characters 
observed across geographical areas and accounted for by a model 
of gene flow (Stern, 1960, pp. 727-731). The present analogy 
equates geographical distance with social distance, both leading to 
a decreased probability of mating. 

A positive correlation exists between social status and 1Q and 
between social status and the prevalence of psychoneuroses. A neg- 
ative correlation exists between social status and the prevalence 
of high-grade mental retardation and between social status and the 
prevalence of psychoses. The possible adaptive value of sub- 
threshold amounts of psychopathology has been outlined. All of 
these threads of ideas are assembled for the purpose of another 
speculation. To the extent that variation in intelligence and per- 
sonality has a polygenic component, and to the extent that pheno- 
typically deviant individuals represent relatively greater collections 
of homozygosity at the various loci in the polygenic systems for 
each trait, the threads are tentatively submitted in support of 
the balance theory of population structure (Dobzhansky, 1955, 
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1962). According to the balance theory, a balanced genetic load 
consists of genes and gene combinations which are advantageous in 
red to their effects in homozygotes. Sickle- 
cell anemia has been presented as a simple and clear illustration. 
Higher frequencies of heterozygotes for this trait are found in areas 
infested with malaria. It appears that the reproduction of the para- 
site Plasmodium falciparum is greatly impaired in the (smaller) 
sickle cell, so that these heterozygous individuals are more resistant 
to malaria than individuals with normal erythrocytes. If the specu- 
lation advanced here is generally correct it could explain the per- 
petuation of polymorphism in man’s behavior and the constant but 
infrequent appearance of maladapted homozygotes. It may be that 
Nature not only abhors a vacuum, she also abhors a homozygote. 
Cattell (1960) has suggested that genotypes are negatively cor- 
related with their environments. This led him to formulate the 
hypothesis that there is a cultural coercion to a bio-social norm. It 
would be of interest to pursue the possible overlap between the bal- 
ance theory and the bio-social norm hypothesis. Both ideas bear on 
the perplexing mystery of the cause of Gaussian or normal distribu- 


tions for human characteristics. 


heterozygotes as compa 


vior Genetics Model of Society 


A behavior genetics model of society has been proposed by Tryon 
(1957; Hirsch, 1958). In a society that provides for social mobility, 
the varieties of genotypes migrate to different strata or social eco- 
logical niches by social selection. In this schema, the strata are DE 
dered by the single major variable, money-reward. Individuals re- 
ceiving the same money-reward but for different kinds of ability 
tend to gravitate to the same social area. The hierarchy of social 
strata is determined by the hierarchy of money-rewards charac- 
teristic of all occupations. The abilities requisite for performance 
in the different occupations depend upon different sensory-motor 
and personality components, which are in turn determined by dif- 

nic combinations. Most matings occur 


ferent independent polygenic_ os 
within strata so that a correlation among abilities is developed not 


because there is one general factor underlying achievement in all 
fields. but because of the selective influence of the common de- 
HOIHaAtR money-reward, which collects comparable levels of var- 


Beha 
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ious abilities within the same social strata. [Tryon has found a 
correlation of about .6 between the social area ratings of spouses 
even when reared in different cities.] The picture being drawn 
is a statistical one. It does not assert that all of the genetically 
controlled constitutional factors responsible for high achievement 
are confined to the highest social stratum or that all of the factors 
responsible for low achievement are to be found in the lowest 
stratum” (Hirsch, 1958, pp. 2-3). 

Tt must be emphasized that the closer the approach to equality of 
opportunity, the more the variation observed in a society will be 
associated with genetic differences, and the more society will be 
able to utilize the resources of all its members. 


Concluding Remarks 


Human behavior genetics is an area of research which cannot 
remain in the academic ivory tower. Almost any datum generated 
by our efforts can be used as ammunition by proponents of vari- 
ous malignant propagandas. I would submit that we all retain ethi- 
cal responsibility for our findings which extends beyond scientific 
reporting. This requires alerting the public whenever our hypothe- 
ses or data are misinterpretated or over-generalized (cf. George, 
1962; Gottesman, 1968). 

There is a natural reluctance to 


accept the supposed determinism 
that is 


associated with views that human behavior is genetically in- 
fluenced. The former is especially true when one thinks of oneself. 
The ego defenses aroused are in part due to the values placed on 
free will and equality which are part and parcel of our democratic 
way of life. The word “supposed” above was used intentionally. 
Allport (1937, p- 105) pointed out that the doctrine of genetic de- 
termination does not state that personality is inherited, but 
rather that no feature of personality is devoid of hereditary influ- 
ences. This means that if the genes are altered the personal charac- 
teristics are altered and not that they are determined only by the 
genes. More recently Kallmann and Baroff (1955) noted that the 
belief that genetically determined disorders are unalterable finished 
entities was related to the early impression made by congenital 
anomalies, Considerable progress has been made in demonstrating 
that some gene-specific disorders are neither congenital nor un- 
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changeable. Another source of reluctance to become involved in 
behavior genetics research is the lurid and disquieting history of 
the eugenics idea in some countries. The reader is referred to 
Dunn’s (1962) presidential address to the American Society for 
Human Genetics on the differences between genetics and eugenics. 
It is a pleasure to call attention to the fact that many of the con- 
tributors to behavior genetics, including those in the present sym- 
posium, are just as interested in exploring areas such as early ex- 
perience, prenatal effects, socialization, and psychodynamics as 
they are in genetics. Progress in understanding the complexities of 
human behavior necessitates such appreciation of complementary 


vantage points. 
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Discussion 


Gardner: I have a psychologist’s question about your handling of the MMPI. 
I hope you will forgive me for bringing up a whole thicket of issues that you 
very pleasantly did not want to get into here, with people who are not so in- 
volved in this. I can put my question as a suggestion with a little preliminary 
statement. For those of you who are not familiar in detail with the Minnesota 
Multiphasic Personality Inventory, it is a test which was originally constructe’ 

against criterion groups of patients and nonpatients as Dr. Gottesman de- 
scribed; it is scored in’ terms of scales by the original authors, and their suc 
cessors, which Dr. Gottesman, in analyzing his data, apparently has taken as 
such. There has been a great deal of controversy about how many response 
factors are actually involved in this test. Recent evidence by Edwards, Messick, 
Jackson, and a number of other people indicates that some responses set at- 
tributes of the subjects such as his tendency to agree with items that are 
socially desirable, or his tendency to be compliant and to agree with any posi- 
tive statement, introduced powerful correlations among the scales. Some of the 
correlations due to response set in the MMPI are of the ordes wf 165 to .80- 
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The most sophisticated MMPIer’s I know do not deal so much with the individ- 
ual scale scores, which they rather distrust, but develop a body of clinical ex- 
perience with the test and use this as a practical clinical tool, based primarily 
on relationships amongst the scores, that is, patterns of scores. They feel that a 
high score on a certain individual scale does not necessarily mean that the per- 
son has a great intensity of that attribute. In one context of other scores you 
might be interpreting it correctly, in another context not. To give an example, 
there is a homosexuality scale, and in certain constellations a high score would 
be interpreted as an exaggerated form of denial, and in another context as a 
high degree of intensity of this trait. It occurs to me that one can approach 
data empirically; if one factor-analyzes the data, one may obtain a great deal 
of information about the relationship between empirical factors and their heri- 
tability estimates and the traditional scales. One could get multiple forms of 
information from such an approach. I wondered if you have thought of do- 
ing this. 

Gottesman: Yes, this is already in the computer. 

Gardner: If we do not control for the response-sets we won't get anywhere. 
Unless we do, we cover all the scores as if with a paint brush. 

Gottesman: This is really probably not the place for me to defend the MMPI 
against the response-set notions of Edwards and Messick. Marlowe and I 


(Marlowe & Gottesman, 1964a,b) have compared the use of Edward’s (1964) 


ideas as applied to the MMPI and have found them to be of little practical 


value. 
but that is because the clinical 


suspect that is true, 
y were readings on a ther- 


Gardner: Yes, I would 
scale scores as if the 


interpreter does not use the 
mometer. 

Gottesman: Right, this is a first a 
bers which are what both Paul Mee 
instead of these clinical labels I have 
clear in this symposium. What we 
MMPI scales or their configurations Te 
by the nomological network generated by 
samples. 

Lindzey: I think that Dr. Gardner’s qu 
whether to use numbers rather than names, and more toward the question of 
profile analysis or some kind of multivariate analysis. It may be better to hold 
discussion until Dr. Cattell has presented his approach. Because it seems to 
me that you do have @ rather nice comparison of two different approaches to 
measuring a similar domain of the phenotype—and you know they really are 
quite opposed in terms of basie assumptions—so it would be a shame to criti- 
cize the Multiphasic when we cannot yet criticize the factor pure test. 

eriod of time, do you think, has human society ful- 
he model of Tryon and Hirsch, that is pre- 
that this could have been in 


pproximation. I could have used index num- 
hl and Starke Hathaway suggested using, 
given you, but that would have been less 
teach our students is that each of the 
present new constructs to be validated 
research on both sick and healthy 


estion is directed less toward the issue 


Lasker: For how long 2 P 
filled, to any appreciable extent, the 1 i 
sented here? And to what extent is it possible 
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ve any effect whatsoever 
existence long enough and consistently enough to have any effect wha 
: - ee, oy 
in human genetic polarization? ; 

i ee: time, 
Gottesman: I would guess that selection has been going on for . long me 

; ess thi e cavema 

but not necessarily with respect to money; I would guess that ae ae 
who was the strongest and the most cunning would have his first choi 
mate, so that in terms of adaptive behavior we get the same results. 


Lasker: But then it would be a totally different ability with ae ie 
responsible for it, that was being selected and each revolution, of onan 
are a series throughout human history, led to some extent to new polariza , 
which requires a new orientation of values. a 
Gottesman: I was thinking in terms of adaptive behavior in general, et 
than the traits that we can measure at the moment. Men have different Ee 
nels for expressing adaptive behavior; one person may earn a lot of ease Qi 
being very smart in the stock market, and another person may earn a basis 
money by working very hard physically on a farm. Each would be Ue te 
for the accumulation of wealth which then leads to the social stratifical a 
There would have been selection for adaptive behavior rather than so! 
specific occupation. Actually maybe that is a hedge. 


Lindzey: Halsey, the English sociologist, considered this in 1958." 


Gottesman: I am familiar with a summary of it. 


Lindzey: It seems to me, that your question really is whether we can age 
specific model and estimate the parameters, Agreement about the upper ae 
lower bounds of the parameter would lead to some agreement about whe af 
or not this sort of process is likely to have been significant. Halsey Sith 
political belief a socialist, and is really looking for this kind of process. V ‘el 
Savage, a mathematical statistician, and Caspari, a geneticist, he set up a ere 
for the social distribution of intelligence. He made certain assumptions fee 
regard to heritability, making the assumption of a single-gene-Mende ne 
mechanism, which is obviously wrong. He also made some estimates about a 
rate of gene flow from one class to another, and knowing from populate” 
figures what the sizes of the classes ; 
very discouraging conclusions in reg 
ferences in intelligence could lead t 
terms of a genetically determined y, 
phenotype as it is influenced by th 
given his ranges of herit 
arrived at the same co: 
society, namely th 


are, he arrived, as I recall the article 
ard to the likelihood that social class ae 
© any change in the gene frequeney? 
ange of intelligence. In other words, — ee 
€ genotype would not change over call 
ability and given the rate of gene flow, so he rea S 
nclusion Dobzhansky reached in regard to a close 

at it has no move 


. ~ ¢ her. 
ment from one social class to anotl 
Lasker: If the commun 


alities between genetic basis for success, in wheter 
way you want to define success, are very different in one kind of society ae 
those in other types of Society and if peoples have been going throoe 
changes in their types of social organization, then the effect of such a factor * 
this must be of a low order. 


aes -aciols 
' Halsey, A. H. Genetics, Social Structure and Intelligence. Brit. J. Sect’ 
1958, 9, 15-28. 
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Lindzey: Dr. Fuller, you argued against cultural and race differences and for 
common selection factors, have you not? 

Fuller: Yes, I thought that perhaps common factors in selection are more 
plausible than cultural and race differences, although I did not rule out the 
latter. 

Guttman: I would like to add a question here. Has what is today a deviant 
n considered one so that we can really speak of the 


personality always bee 
of polymorphism? I do not think 


evolution of a deviant personality in terms 
we can, 
Iso the problem of the remarkable increase in the types of 


Gardner: There is a 
ou wish, of types of sociocultural and occupational classifi- 


identifications or, if y' 
cations. 

Lindzey: In terms of Dr. Guttman’s question, we do not have good evidence 
over really long periods of time about the stability of psychosis, but the evi- 
dence available is remarkably constant, across cultures and across time. About 
100 years is the longest span of time for which we have records. It is at 
least conceivable that there is a form of psychotic process or mental disorder 
which in all times and all cultures would have been maladaptive and so had 


a low Darwinian fitness. 


Gottesman: It is difficult to think of 
adaptive, in spite 


any culture in which prolonged loss of 
of great variation between cultures. 


contact with reality is 
Lasker: There are some exceptions: the Eskimos go on spirit quests, the 
Chukehee do the same, the Indonesians get out of contact for specific reasons, 
it is done in Africa; there idespread examples of behavior which we 


are Wii 
would consider out of contact. 
that those must be their most prolific periods too, in 


Guttman: It seems to me t I 
k much is known about this aspect. 


terms of reproduction, but I do not thin 
ociated with sexual restraint, and celibacy; I 
ct that there would be examples in some 


Lasker: Priesthood is often a 
imagine that it varies, and I expe ‘ 
places for almost any combination of these behaviors. 


Gottesman: You are talking about proce: 
talking about psychosis, not a culturally acce! 
accept the “myth of mental illness.” 

neral problem which is particularly related to remarks 
made about schizophrenia. What you said about schizophrenia is perfectly 
reasonable, Of course, a lot of other theories or models have been advanced 
in an attempt to account for the paradox of its ersistenre ees those who 
are primarily concerned with mental disorder, a sizable number question 
whether schizophrenia is an entity. I, myself, would side with you on the 
entity issue intuitively, but others, €-8-, Karl Menninger, believe in a unitary 
dimension of mental disorder, and that schizophrenia simply is a way of talk- 
ing about a certain intensity oT degree of severity. If you spb tee this con- 
ception into the schizophrenic studies you have quite ein ce variable and 
the kinds of genetic theory that you need would be different. There is a re- 


es which are under control but I am 
ted game. I do not completely 


Lindzey: There is a ge 
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lated factor which you know very well, i-e., the possibility of —- oe 
data in genetic studies of schizophrenia. Possibilities ig Pang rope fond 
extreme, that there is no need to blame experimenter bias. This ie ) é = 
sons like Gordon Allen, who has been much concerned with this — Me = 
search, are pessimistic about conclusions in regards to genetics and schiz 

phrenia. a 
Stafford: I would like to ask a question about this if [ might. In your ae 
relation of father-mother, if you ran those on a computer you would also bee 
the correlations which might indicate cross-homogamy. Did you look at these? 


Gottesman: I did not. I have so many data coming out of this study. 


Stafford: I know. It is difficult to digest it all immediately. I feel that Set 
one place where, especially with personality traits, you have to look close Ns 
because there may be occasions where the mate high in one trait mects game: 
one high or low in another trait and there may be some real —- 
mating. I am always taking a look at cross-correlations. I analyzed the ae 
homogamy of 10 variables, which gave me, if I excluded the ag 
90 correlations. Four were significant at the .05 level and two at the .01 lev os 
which is about what you would expect by chance. So I threw up my Bens 
and figured that there was nothing there; but I still think it is worth looking 


ememsarcalate 
every time you do one of these studies, and make sure that you intercorrelat 
all variables. 


Gottesman: I might add that one of the nice things about doing a seis Seely 
study including some of the sibs is that you generate data which are of interest 
to so many people with varying backgrounds. Some of my students who are 
really against genetics in psychology have all kinds of raw data to use zor 
their own particular ideas about parent-child relations, identification with es 
same sex parents, and resolution of whatever complex you want to til 

about. I am very happy to entertain all those ideas. 

Lindzey: This question really involves the 
Dr, Gottesman pointed out that betwe 
Harvard-Cambridge-Boston sample, 
terms of the estimates for the 
Suggested this might reflect g 
this may just reflect the inst 
tive to the genotype-enviro: 
control or sample this inte: 
Mental Abilities study. I 


usefulness of heritability estimates. 
en the Minnesota sample and the 
there were appreciable differences i? 
same instrument using the same procedure, and 
ene pool differences which indeed it might. But 
ability of the index, the extent to which it is sensi- 
nment interactions, with nothing in the design io 
raction. I would like to ask about Blewett’s Primary 
recall he got rather different heritability coefficients. 
ot too different from mine, although, there are differences I 
would not expect any of these figures to be final because they are based er 
small samples. They should never be taken without a considerable band © 
error around them. 


Vandenberg; N 


i i arg? 
Lindzey: Was his math as high as yours, the numerical, Dr. Vandenberg 


Vandenberg: No, his was -07, while I obt 


ained .61 in Ann Arbor and .72 i? 
Louisville. Thurstone’s Chicago dat: 


a give a value of .34, These should all be 
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combined if possible. I could not agree more on the need for repeating these 
studies and I expect that going elsewhere is more important and better strategy 
than obtaining larger samples in the same geographical area. 

Freedman: I have a question along this same line, Dr. Gottesman. I notice on 
this first sample, the Minnesota sample, you have some H coefficients as high 
as .71, .65, .77, and .84. This gives a stereotype picture of Swedes, because 
here they are social introverts, they are depressed, and they tend to be 
paranoid. But in the Harvard twin study, you have only one at .6 while the 
rest are all about the same, which does not give you much of a picture, Does 
it not bother you when you get all your heritabilities at about the same level? 


Gottesman: It does bother me, and in the next step of the data analysis I am 
going to divide my sample by social class. There is a big difference in the 
ales and females in the two samples. I had about twice as 
ales in the Minnesota sample but in the Harvard sample I 
although still more girls than boys. Everyone 
here who is doing twin studies gets that imbalance, did you notice that? There 
is a good section in Fuller and Thompson (1960) that I read whenever I get 
ability of heritabilities. They talk about the various 
changes and various ways of manipu- 


proportion of m: 
many females as m 
had more nearly equal numbers, 


depressed about the inst 


things that can contribute to heritability 
lating estimates of heritability. This is fine for everyone concerned, both en- 


vironmentalists and hereditarians. How important the genetic factors are de- 
pends on how much trouble one wants to take to manipulate the environment. 
Sutton: One question I would like to raise about comparing studies has to do 
with how the sample is collected, particularly when psychological variables 
are studied. Everyone begins with the restriction that both members of a twin 
pair have to be available. Next they usually restrict themselves to the normal 
population, which means both members have to be within the defined normal 
population, They are collected from cooperative families by necessity, and 
while you are cutting down your sample, you are also losing much variability. 
Yet, from one sample to another the cut-off point may be very inet sol BEC 
no reason why you should expect to get the same values. This ind of varia- 
tion between studies is neither environmental nor genetic as far us these 


variables are concerned. ‘ ' 

Gottesman: It was easier to do good sampling in Minnesota than it was in the 
Boston area, and my sample in Minnesota may turn out o ra sae bet 
ter samples that people have been able to acquire in ? tw in os Tha Nos 
to the school records of every public na ape dt ei ‘lee, ft oesked 
twelve, and I contacted everyone of those ae si ye i of al : ccuitle 
up with 75% of all possible female aaa’ pero h the Boston . yet 
male adolescent twins. 1 do not know what I ha : area yet, 


because there are so many different school systems. 
Sutton: How did you find the twins: 

Gottesman: I went through the files, there sk v 
through twelve and I took all th dividuals ¥ 
Sex, and same birthdate from the 


31,307 children in grades nine 
‘ ith the same last name, same 
hose 1m 
roster. 
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Sutton: They still had to be bright enough to get to grade nine. This is grade, 
not age is it not? é 
Gottesman: Yes. Also because there are relatively few mental hospitals serving 
the twin cities, I could contact all the hospitals and there were no twins in the 
age range at the time that I did my study. 

Lindzey: Is that not rather remarkable? 


Gottesman: No, maybe not between the ages of 14 and 18. The population of 
Minnesota in general is not that big, perhaps 3 million for the whole state. 
The twin cities, Minneapolis and St. Paul have about three-quarters of a mil- 
lion which is almost one-third the population of the state. I have yet to 
evaluate the sampling in the Boston study. 

Vandenberg: This is a problem that we have thought about too, of course. We 
are aware of just about all the twins in this area, but you really cannot use 
certain twins. We have several pairs in which either one or both are so de" 
ficient in reading that there is no point in including them in a study of tbs 
kind. Yet any conclusion which you draw would include consideration of these 
cases. That is one thing that I have not resolved. What we shall do, which 4 
not really going to help on that issue, is study these cases individually and 
arrive at some kind of determination of ability. I do not see how these data 
will fit into the final analysis. My feeling is, if you have just a few of these 
cases and a clear-cut criterion below which they are excluded it should be 
possible to repeat these conditions somewhere else and minimize the difference 
that would result from such factors. If one person excludes a subject because 
he could not do some very difficult things and another excludes a subject 
only if he could not read at all, one would introduce some variation, but with 


agreement on some very low minimum performance, one has comparable studies 
and should obtain comparable results. 


Sutton: When you have cut-off points that can be clearly stated, things ate 
not quite so bad, but I think frequently that experimenters themselves are not 
very sure where the cut-off point is. 

Lindzey: When you state a cut-off point, it is typically a character with both 
genetic and environmental determinants. This means, as pointed out earlier, 
one really does not know how much of either source of variation may be miss- 
ing. 
Vandenberg: Here, in Louisville, at the 
have been using a very short test that is 
or not to excuse children. W. 


beginning of the group testing, We 
very easy as a criterion for whether 
e have excused some who could not do this, but 
we can go back and give them individual examinations. Eventually I think we 
could collect the data, if we wanted to do 
It turns out that there h 
which either one or both 


a separate analysis of these pal 

airs in 
ave not been very many so far, perhaps ten pairs ? 
were so low that we did not want them in the study- 


Biometrical Genetics in Man’ 


Dewey L. Harris* 


Introduction 


A logical starting point for this paper seemingly involves an ex- 
planation of the meaning of the expression “biometrical genetics.” 
Although this term, which incidentally was coined by Mather 
(1949), is often used in the literature, there does not seem to be a 
clear definition. Thus, the following is my interpretation of its 
meaning. The roots are bio (from the Greek bios meaning life 
which is the root word of biology), metric (referring to measure- 
ment), and genetics (the science of inheritance). Bio and metric 
are often combined into biometry, the name given the science of 
statistics as applied to biological observations. So biometrical genet- 
ics refers to the application of statistics to the biological area known 
as genetics. As commonly used, biometrical genetics refers more spe- 
cifically to the statistical aspects of quantitative genetic traits in 
relevant populations. Quantitative genetic traits are those traits of 


individuals which are characterized by continuous distributions 
considered. All informative work about the 


nature of the basic mechanism of inheritance has involved rather 
simple traits. Observations on traits involving presence or absence 
of certain pigments in the skin or in the eye, or the presence or 
absence of a certain amino acid often may be classified into dis- 
tinct phenotypes. Most of these types of traits are controlled by 
the genetic constitution of the individual in a manner which allows, 
after a bit of study, an accurate and complete description of the 


when populations are 
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relationship between genotype and_ phenotype, i.c., identification 
of specific genotypes. 

On the other hand, one is often interested in complex traits that 
are measured on some quantitative scale and seemingly are the re- 
sult of the action and interaction of numerous genes and numerous 
environmental influences. This complexity and variation usually 
results in the inability to relate directly observed phenotypic values 
to specific genotypes. These are the kind of traits in which plant 
and animal breeders are largely interested because of economic con- 
siderations. Seemingly, these are also traits that are involved in 
most behavioral studies. Certainly, a few abnormal psychological 
conditions may involve enough discontinuity so that exact modes of 
gene action may be assessed. But most traits are a reflection of such 
complex functioning of body processes that they undoubtedly are 
influenced by so many hereditary factors that it seems futile (to 
me, at least) for an investigator to spend much time attempting 
to identify simple modes of inheritance. 

Nevertheless, the underlying genetic mechanism of the more com- 
plex traits is basically the same, the difference being in the number 
of relevant loci and in the quantitative measurement of the trait 
rather than classification. 


Biometrical Genetic Theory Relevant to Human Studies 


Certain statistics, such as correlations between relatives and 
variances between and within families, may be calculated from @ 
study of a quantitative trait in a population even when one has no 
knowledge of the nature of the genetic mechanism underlying the 
expression of this trait. This is precisely what was done by Galton 
and others, prior to the rediscovery of Mendel’s work. However, the 
basic premise behind what is termed biometrical genetics seems to 
be that knowledge concerning the nature of the mechanism of in- 
heritance, the so-called Mendelian mechanism, should be helpful 
in the understanding and interpretation of statistics that one might 
observe from quantitative studies. More exactly, this knowledge 
of the mechanism of inheritance should lead to a more basic para- 
metrization for the population. We can consider covariances be- 
tween full sibs, covariances between half sibs, and so on as param 
eters descriptive of the population; but, perhaps there are more 
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basic parameters which are indicative of the genetic structure of 
the population and which illustrate the relationship among the 
various covariances between relatives. A mathematical description 
of the probabilistic genetic mechanism and the mating struc- 
ture of the population should suggest this more basic parametriza- 
tion. 

The basic mechanism of inheritance is quite simple. However, 
the mathematical description of traits involving complex metabolic 
and biochemical reactions interposed between the basic action of 
the genes and the final phenotypic expression in a population with 
a complicated mating structure becomes quite difficult. Because of 
this complexity and in an effort to attain freedom from restrictive 
assumptions about the nature of gene action, most theoretical bio- 
metrical genetics has been limited to populations with rather sim- 
ple mating structures. The applicability of the resulting parametri- 
zation to actual biological populations is thus highly dependent on 
how close the mating structure of the actual population is to the 
theoretical mating structure. There is considerable biometrical ge- 
netic theory relating to inbreeding, but this does not seem to be 
relevant for the considerations of this paper. The primary bit of 
biometrical genetic theory relevant to human studies is the develop- 
ment of the parametrization for genotypic covariances between rela- 
tives in random mating populations. Since variances are special 
cases of covariances and since correlations and regressions between 
relatives and the genotypic components of variance between fami- 
lies and within families are all functions of these basic covariances 
between relatives, the parametrization is involved in a basic rep- 
resentation of nearly all the descriptive quantities about the 


population. a ee . 

The term random mating refers to the situation in which every 
individual in the conceptual population has an ot probabitlity 
of mating with any individual in the population of the opposite sex. 
The conceptual population considered will be quite large and will 
be mating at random with no differential fertility of matings and no 
differential viability of gametes or zygotes; Or, at least the differ- 
ences in fertility and viability will not be associated in any syste- 
matic way with the genotypes involved. All of these assumptions 


are collectively termed panmixis. 


The basic work underlying this parametrization is in the paper 
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of Fisher (1918). Several other workers have been concerned 
with this since then; among these are Mather (1949), Cockerham 
(1954), and Kempthorne (1954, 1957). One should refer to tess 
papers for the complete derivation, but I shall attempt to illustr sie 
the development for a single locus affecting the quantitative trait 
with two alleles occuring at this locus. ; 

Although it is generally impossible to identify genotypes for a 
quantitative trait, we may conceptually consider the three sub- 
populations of the over-all population corresponding to the three 
genotypes, AA, Aa, and aa for a single locus with two alleles. A pos- 
sible distribution for these is shown in Fig. 1. The means of these 
sub-populations are represented by the symbolic values, d, h, and 
r, respectively. These values are termed the genotypic values ie 
those genotypes. Under the assumptions of panmixis, the aed 
genotypes AA, Aa, and aa will have frequencies p*, 2pq, and qT: 
respectively, where p is the gene frequency for A and q is the fre- 
quency of a with p -+ q = 1. Thus the population mean is 

p= p'd + 2pgh + q?r, 
and the deviations of genotypic values from the mean are 
i=d—p, j=h—p», and k=r—yp. These quantities are illus- 
trated in the two-dimensional diagram in Fig. 2. Letting a represent 


bh h d 
Fic. 1, Mustration of genotypic values d, h, and r. 


Genotype 00 


Aa AA 
Frequency q2 


2pq p2 


Fic. 2. Decomposition of genotypic values. 
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the “average effect” of gene A and B the “average effect” of gene B, 
we have the further decomposition of genotypic values as follows: 


Ad sd=ptt=pt2at (i— 2a) = p+ 2a+ daa 
Aath=pt+jeutats8t Gj-a-B) =eta ret daa 
qa:r=ptk=ut26+ (kk — 28) = w+ 26+ daa 
The average gene effects, & and 8, are defined as the values which 
minimize 
pri — 2a)? + 2pq(G — a — B)? + g2(k — 28)? 
ared deviation of the coded genotype values, i, j, 


f the average effects of the two genes in- 
s which accomplish this are 


the average squ 
and k, from the sum 0} 


volved in the genotype. The value 
a= pi+qj and B= pj + gk. Note that the average effects of the 


genes depend on their frequency in the population. The deviation 
i—2a = das, )-e&-B= dig, and k — 28 = daa are termed the 
dominance deviations since they are non-zero when there is domin- 
ance on the quantitative scale, ie. h-+- (d+ 1)/2. The total con- 
tribution of this locus to the variance of the population is 


oat = put + 2paF + gk? 


This variance is composed of two parts 


ve = err op” 


where 
aa? = pi(2a)? + 2pya + B)* + 9°(28)* = 2pa® + 2qB 


and 
daa)? + 2pq(daa)® + q?(daa)* 


= p?( 
additive genetic variance for this locus and op? 


a4 is termed the ae F F 
ance. Note that p? is the quantity which was 


is the dominance vari 


minimized by the choice of a and B. Ae: 
If pairs of individuals are related in a certain manner in this pop- 
a 


ulation, the covariance between members of the pairs will involve 
certain. fractions of o.1° with the fractional coefficients 
2 ad 4 


tivalying the ‘probabilit ssessed by the individuals 
bein g athe he descent.’ he individuals as X and Y 


and op” 
ies of genes po 
- Representing t 
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with X having the arbitrary genotype ab and Y having genotype 
cd, the covariance between the genotypic value of X, G,, and the 
genotypic value of Y, G,, may be found to be 


Cov (G,, Gy) = 2rry oa" + Usy op? 
where r,, is Malécot’s (1948) “coefficient de parenté” 


rry = 1/4(P(a = c) + Pla = d) + P(b =c) + P(b = d)] 
and 


Usry = P{(a = ¢) and (b = d)] + P[(a = d) and (b = c)] 


where (a = c) 


is read “the probability that gene a is alike by descent to gene 
c” and so on. The term “alike by descent” means the two genes 
are copies in the reproductive process of the same gene in some 
common ancestor or one is a copy of the other. Only one of the 
two probabilities in u., may be non-zero under the assumption 
of panmixis. 

Up to now we have only considered one locus with only two 
alleles. If the procedures are extended to include an arbitrary 
number of independent loci with an arbitrary number of alleles, 
the total genotypic variance may be partitioned as 


oa" = o4? + op? + oan? + oan? + opp? +osaa7 +... 


noon 
pap DeLay 
r=0s0 AD* 
lsr+s<Sn 


where n is the number of segregating loci influencing this traits 
a4” now represents the sum over loci of the additive genetic vari- 
ance for each locus; cp? is now the sum of dominance variances 
for individual loci; and the other terms represent variances due to 
interactions among additive effects and dominance deviations at 
two or more loci. For example, o44)2 = 42p° would represent the 
sum over sets of loci of the variance due to additive & additive 
dominance interactions. For this general situation, the genotypic 
covariance between X and Y would be 
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= 2ryy oa? + Uy op? ‘ 
+ (2rzy) caa® + (2rey) (zy) oad? 
+ (tizy)? opp? +. . 


Coy (Gz, G,) 


n 
LX (2rsy)? (Wsy)* oa "p 


s=0 
+sSn 


n 
r=0 

1s 
The ors parameters form a more basic set of parameters for 
representing the covariance between relatives in the population, 
The values of 2r,, and u,, for certain simple relationships between 
X and Y are given in Table I (Kempthorne, 1957). 


TABLE I 
Values of 2rzy and uzy for Certain Relationships 
Relationship of Y and Y Dray Ury 
Identical twins 1 1 
Full sibs 1/2 1/4 
Parent-offspring 1/2 0 
Half sibs 1/4 0 
Parent-k” degree offspring ()* 0 
Uncle-nephew 1/4 0 
First cousins 1/8 0 
1/4 1/16 


Double first cousins 


The assumptions stated or implied in the above are: 


1, panmictic population of infinite size 

. no mutation 

no sex linkage 

no linkage 

no position effects 

no sex influence upon genotypic values. 

Also, the assumption that all non-genetic (environmental) influ- 
ences upon the phenotype of an individual were independent of 
enotype and independent of family structure was implied in the 
definition of genotypic values as the means of sub-populations com- 
posed of certain genotypes. The failure of these assumptions to be 
true limits, to an unknown degree, the utility of this parametriza- 


tion for a specific population. 


Pow oo po 


88 DEWEY L. HARRIS 


Some modifications of this parametrization have been suggested 
by Bohidar (1960) for the presence of sex linkage, by Schnell 
(1963) and van Aarde (1963) for the presence of linkage, and by 
Griffing (1961) for position effects. Sex influence may be accounted 
for by defining the trait as actually being two traits; one trait in fe- 
male individuals and another trait in male individuals. Of course, 
phenotypic values for female traits do not exist in males, and vice- 
versa, but the genotypic values may be considered to exist con- 
ceptually. 

When an analysis is made of the variation among and within 
families such as full sib families, an analysis of variance is obtained 
by utilization of the following tabulation: 


Degrees of Mean 
Source of variation freedom squares 
Among families a-] MSa 
Within families a(n — 1) MSw 


where a is the number of families and n is the number of mem- 
bers of each family. Since the variance of true family means is 
equal to the covariance between family members, the genotypic 
contributions to MSyy will be og? — Cov(F.M.) where Cov(F.M.) 
is the genotypic covariance between two members of the same 
family. The genotypic contributions to MS4 will be og? + (n— 1) 
Cov(F.M.), If the environmental contributions of phenotypic values 
are independent of the genotypic values or the family member- 
ship of the individual, then both of these mean squares will have 
an additional component of variance, «g2, due to environmental 
influences. Thus we have the following tabulation: 


Mean square Expectation of mean square 


Among families on? + og? + (n — 1) Cov (F.M.) 
Within families on? + og? — Cov (F.M.) 


It seems worthwhile at this point to reemphasize that these con- 
siderations involve population studies, Thus, it is quite important 
that sample data upon which these considerations are used be 
representative of some population and, in particular, of the popu- 
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lation to which one wants to make inferences. Of course, this is 
true of all types of population studies. 

Various quantities are found in the literature for measuring the 
relative importance of genetic influences to environmental influ- 
ences. These are the heritability estimates. Lush (1945) defines 
two forms of heritability values, heritability in the broad sense 
and heritability in the narrow sense. Actually the concept of heri- 
tability was used prior to Lush’s work, but his definitions form the 
basis for most considerations today. Symbolically, 


o.." 


h*(broad) = re a : 
G rE 


and 


h?(narrow) = 3702 
og t+ % 


Most estimates based upon correlations and regressions between 
related individuals estimate quantities intermediate between these. 


We thus have 


pee ag 2 
4 Cov (H.S.) _ gt ae = eee = ay 
hag? = og? + op - Pol 


FS 
1 2 
RUDD a sis 
1 1 
Pt yout tetas tee 
tore Se ee 
te = Og? ae a, oat oe 
and 
I Cov (I.T.) gale = h? (broad) 
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where H.S. represents half-sibs, F.S. represents full sibs, P.O. 
represents parent-offspring, and I.T. represents identical twins. 
Similarly the quantity defined by Holzinger (1929) would be 


2 2 
°woz — %wuz 


woz 
[ex? + o¢?— Cov (F.S.) |—[o," + ogt— Cov (LT) | e 
. o,°— Cov (F.S.) + o,° 
o,°— Cov (F.S.) 


where WDZ indicates within dizygotic twin pairs, WMZ indicates 
within monozygotic twin pairs, and 


a Ee ae eC ee 
tq — COV EBy = pa Pt Go tt Peay + ease t+ 


The F ratio used by Vandenberg (1962) would be 


Cwoz" Og One — Cov (F.S.) 


Cwsz Og? at Cala Cov (1.T.) 


Another bit of theory which should be of interest to human be- 
havioral geneticists is the work of Fisher (1918) and Wright (1921) 
relative to assortative mating. These workers consider a simple form 
of assortative mating that can be described by a simple phenotyp!© 
correlation between mates for the trait of interest. Fisher develops * 
parametrization of Cov(P.O.) in the absence of epistasis. 

One of the few attempts to relate these biometrical genetic Cone 
cepts to behavioral traits is the work of Burt and Howard (1956; 
1957a,b). Their work, although a bit primitive, should be applauded 


for indicating a meaningful direction for genetic studies of human 
behavioral traits to follow. 


BIOMETRICAL GENETICS IN MAN 91 


Problems in Applying Biometrical Genetic Theory to Human 
Behavioral Studies 


Most of the difficulties in applying this theory to human studies 
centers around the failure of some of the numerous assumptions 
involved in the development of the theory to be true. Among these 
inadequacies is the complexity of the mating system in human pop- 
ulations. There is a considerable sub-population structure in the 
human population because of race, geographical distribution, eco- 
nomic and social barriers, etc. However, on the other hand, few 
of these sub-populations are. distinct enough to be considered as 
separate populations. Besides these considerations, there are prob- 
ably numerous forces of an assortative nature influencing marriages. 
However, the complexity of these factors makes it difficult to de- 
scribe the nature of assortative marriages. In fact, this would con- 
stitute a behavioral study in itself. Many of these forces would in- 
volve the traits of interest to the behavioral scientist. Another way 
in which human populations differ from the conceptual panmictic 
populations is through differential fertility of marriages. How much 
this is related to behavioral traits is not clear (to me, at least). 

However, the greatest difficulty in human data seems to be the 
environmental correlations due to family structure. Although related 
individuals may be similar because they possess genes “alike by 
descent,” they may also be alike because of similarities of environ- 
ment. These sources of similarity also contribute to the observed 
covariances between relatives (and, thus, correlations and regres- 
sions). The genetics of this is further complicated because the en- 
vironment imposed upon a set of sibs, for example, is influenced by 
the genotypes of the parents. In other words, phenotypic similarity 
of related individuals as measured by Cov(x,y) is indicative of 
Cov(G,, G,) only when other possible causes of Cov(x,y) are 
absent. ‘ ; 

The best discussion of the reasons for similarity of monozygotic 
twins is in the paper of Kempthorne and Osborne (1961). In this 
paper, a grouping of the common forces arpa ee: faaepad a6 
twins is attempted. Many of the considerations are re evant to other 
types of relatives as well. Even for twin data, it oe a mono- 
zygotic pairs might receive more similar treatment trom their par- 


ents than dizygotic pairs. 
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There is one type of datum which eliminates part of these rea- 
sons for similarity of the related individuals; that is, datum on 
twins reared apart. This has been recognized by many workers 
and much effort has been made by some human geneticists to ob- 
tain such data. Of course, the number of twin pairs of this type 
is quite small. : a 

In a natural population of other species, many of these limitations 
are also present but a properly designed experiment with an ex- 
perimental population can eliminate these. Of course, procedures, 
such as diallelic crosses and control of environmental influences on 
siblings, are not possible with human populations. 

Another problem in human behavioral studies is the measure- 
ment of behavioral traits. In some cases, there seems to be diffi- 
culty in the definition of the relevant traits. Certainly, measurement 
of learning ability or temperament is not as simple as measuring 
weaning weight of pigs or yield of corn. Measurement is usually 
made of what can be termed an “indicator” trait such as perform- 
ance on an examination. Ideally, the measurement on the indi- 
cator trait should be equal to the true value of the primary trait 
for the individual plus a random error with this error being rela- 
tively small. However, this might not always be the case. When two 
traits such as a primary trait and an indicator trait are considered, 
there are two gross sources of the relationship between the two 
traits, genetic effects upon the two traits and environmental effects 
on the two traits. The inter-relationships involved here could 
be quite troublesome in the interpretation of behavioral genetic 
data. 

A further problem is that we are concerned with variances and 
covariances, parameters for which the errors of estimation are usUu- 
ally quite large unless a considerable volume of data is used. 


Overcoming these Difficulties 


A very difficult question that now logically presents itself is: 
How should the human behavioral geneticist attempt to overcome 
these difficulties? My suggestions are necessarily superficial and do 


not immediately lead to definite courses of action. My suggestions 
are: 
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(1) to use data on relatives reared apart when possible, 

(2) to attempt to improve the theory and understanding of 
assortative mating and of the sub-population structure of 
human populations, 

(3) to keep clearly in mind the population being sampled 
and to which inferences are to be made, and 

(4) to attempt to obtain sufficient data for reasonably accu- 


rate estimation. 


Of course, points (1) and (4) are strongly antithetical. 

The situation I have discussed seems very discouraging. I sincerely 
hope that the contents of this paper will not discourage behavioral 
scientists attempting to study quantitative genetics in human popu- 
lations but will alert them to the difficulties involved. To do ef- 
fective research in this area, the behavioral scientist must realize 


both the utility and the inadequacies of biometrical genetic theory 
and thus use it intelligently and effectively in his research. 
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Methodological and Conceptual Advances 
in Evaluating Hereditary and Environmental 
Influences and their Interaction 


Raymond B. Cattell 


As recent writings by Anastasi (1959), Burt and Howard (1956, 
1957), Fuller and Thompson (1960), Isaacs (1962), Loehlin 
(1965), Vandenberg (1962) and others show, the relative impor- 
tance of environmental and hereditary influences has become once 
more a controversial topic in psychology. But it has become so in 
a new sense. For, whereas the philosophically and politically ten- 
dentious debates of 30 years ago characteristically begot more 
heat than light, the serious technical attention of today is generat- 
ing methodological and conceptual improvements. A growing 
awareness among psychologists generally, that advances in fields 
so diverse as learning theory and clinical personality theory are im- 
peded by a bottleneck of knowledge due to half a century of neg- 
lect of psychological genetics, has also sufficed to call good minds 
to the problem. The present chapter expands what has been pre- 
sented elsewhere (Cattell, 1963b) in article form and relates it to 
the views of a number of contributors in this symposium. 

The central problem in evaluating the inheritance of mental 
traits has always been that psychological measurement in general 
deals with continua, frequently normally distributed, in which he- 
reditary and environmental influences seem hopelessly intermin- 
gled. Furthermore, in many physical traits, as in Mendel’s peas, 
the essential characters of the genotype can be seen in the pheno- 
type. But direct analysis of behavioral inheritance, as seen 
through definite phenotypic, all-or-nothing characters, as re- 
quired by Men sistian principles, is certain for only a handful of 
oddities, e.g., Huntington's chorea, color blindness, and perhaps, 
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if Kallman (1946) and others are right, for some disorders like 
schizophrenia and manic depressive disorder. ; 

Everywhere else, through the length and breadth of norma 
personality, psychologists have had to turn to the alternative “7 
proach of determining the contributions to observed variances oO 
genetically and environmentally determined variances in the given 
population. From such obtained nature-nurture ratios, and differ- 
ences, a second stage of research may try, as discussed below, to 
infer the nature of polygenic Mendelian mechanisms. This is 
where the population geneticist’s models, as discussed in this sym- 
posium by Harris (1965) would be most helpful. But even if we 
have to be content with only the descriptive ratios, a very great 
contribution has been made to personality theory, to sociology, 
and to applied psychology in school and clinic. For here, except 
for the few studies by Burks and Roe (1949); Newman, Freeman, 
and Holzinger (1937); Cattell, Blewett, and Beloff (1955); Ey- 
senck and Prell (1951); Gottesman (1963) and a few others, psy- 
chology is entirely in the dark. : 

A decade ago, I proposed what seemed to me two radical im- 
provements in conceiving and experimentally determining these 
nature-nurture ratios (Cattell, 1953). The first consisted only a 
substituting the measurement of functionally unitary factors, ™ 
place of single, narrow and arbitrary variables—a step which has 
implications for reliability and genetic relevance, as discussed be- 
low. The second and probably more important proposition was the 
suggestion that we abandon dependence on the classical twin 
study method and utilize a new method called the Multiple Ab- 
stract Variance Analysis Method (Cattell, 1953, 1960). This 
method (which will henceforth be designated MAVA, for short, 
just as writers now abbreviate analysis of variance to Anovar ) has 
resemblance to a method developed by geneticists in animal hus- 
bandry. However, it would be a mistake to consider them one, be- 
cause this development in psychology was not only historically in- 
dependent, but conceptually different. The analysis and formulae 
are different because in human beings we cannot control the inde- 
pendent genetic and enviromental influences and because humans 
produce social as well as biological families, with all the rich be- 
havioral learning situations of the former, whereas cows do not! 

Since the purpose of this paper is to discuss further advances in 
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this area of method, and to supply additional formulae, some 
knowledge of the main MAVA design must be assumed, and only 
the briefest sketch of its essentials should be recapitulated here. 
Essentially it derives certain required abstract or hypothetical var- 
iances, such as “between-family hereditary variance” and “within- 
family environmental variance” contributions from a set of simul- 
taneous equations. In each of the latter some actually observable 
variance, such as that between sibs (taken in pairs) reared apart, 
unrelated children reared together, etc., is equated to the appro- 
priate abstract, hypothetical sources and their covariance. For ex- 


ample, the observed variance for sibs normally raised together is 


written: 

o2gr = Oh + Owe + BWehaweFwhFwe (1) 
variance within sib pairs reared together. 
The abstracted or inferred variances are o* standing for “within- 


family environmental” variance, and o2,, Which is the within-family 
| e. The term ferwe is the correlation of these 


where o2sr is the observed 


hereditary varianc 


sources of variance. ; 
Several other equations like (1) can be set up, for sib pairs 


whose members are reared apart, unrelated foster children reared 
together, and other diverse combinations of hereditary and envi- 
ronmental contributions (Cattell, 1953, 1960). Incidentally, in prin- 
ciple, the method can be broadened to include other hereditary 
units than the family, such as kith groups and races and also other 
environmentally uniform groups, e.g, cultures, social status strata, 
etc. The choice depends on the ratio of nature-nurture influences 
in which one happens to be interested. However, even if, as usu- 
ally happens, we are prim interested in - family unit, se 
are more possible constell that the eight main ones so far 


used, which have been: 


arily 
ations 


Identical twins together 
Identical twins apart 
Sibs together 

Sibs apart 

Half sibs together 

Half sibs apart 
Unrelated children reare' 
Unrelated children reared apart 


d in the same family 


Se US: OURS SoS 
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One should consider, for example, adopted and a = 
comparisons in the same family and adoptions from near ea 
e.g., cousins, compared with unrelated adoptions. These : e es 
extensions on the fringe have not been used, as far as I _ - 
From the above simultaneous equations, each having on the = 
a value empirically determinable from a particular family —~ 
lation, and on the right the abstract,’ hypothetical contribu : 
variances, one can solve for the unknown desired “abstract on 
tributory variances. Compared with the MAVA anathad, we A 
other design used by psychologists—the twin method—is Te a : a 
powerless. For it yields (1) no information on the correlation ) a 
reditary and environmental influences, and (2) it finally aaa 
the ratio only for the quite specific “within family sare 
variation and the quite peculiar environmental difference gs . 
twins (which numerous psychologists and psychoanalysts ce : 
pointed out must be distinctly different from that obtaining ha 
tween ordinary sibs in typical families). It is not so much ie 
the MAVA method is more accurate than the twin method, pri 
that it yields entirely new kinds of information which provide bo 
necessary broad basis for making inferences about Mendelian 
mechanisms. - 
Among the critical comments which the MAVA design, a 6 
any new method, has rightly had to face, are three which deserve 
serious consideration. First, it is objected that the formulae some 
times hypothesize certain family relation values to be identical 
which in fact could be different. Indeed, such values might ideally 
justify distinct unknowns instead of a single “class” value. For 
this reason MAVA has been worked out (Cattell, 1960) (a) in a 
“full design” with eleven unknowns, and also (b) a “limited re- 
sources design” with only ten or fewer equations in which the ben- 
efit of the doubt is taken on certain alternatives. For example, 
(b) assumes the correlation between hereditary and environmen- 
tal influences to be the same for fraternal twins as for ordinary 
brothers. Such initial economy of assumption is necessary because 
the number of unknowns for which we wish to solve—basically 
four unknown variances and six unknown correlations—treads 


* “Abstract” is better than “hypothetical” 
tually of fact that these sources of v. 
must be their derivative. 


here, because it is a postulate vit- 
, # —eiitedgiOe 
ariance do exist, and that the total variance 
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very closely on the number of independent equations we can hope 
to set up for getting empirical observations and solutions. 

Here, as in any armchair formulation of possible scientific con- 
cepts it needs no great skill in casuistry to assert ever finer possi- 
ble differences in one’s shade of meaning for this or that concept, 
e.g., a kind of environment. What matters is whether these finer 
definitions correspond to any demonstrably real classes and 
whether too much hair splitting finally defeats the scientific aim 
of an effective economy of explanatory concepts. Of course, the 
ideal procedure is to enter research initially with as many terms as 
one can conceive to be possibly necessary, even erring on the side 
of having a few extra, luxury assumptions, and to leave the em- 
pirical verdict to decide whether what one has treated as a vari- 
able can rightly be regarded as a simple constant. Actually, a 
whole series of degrees of economy have been reviewed (Cattell, 
1960) for the MAVA model, with equation systems ranging from 
eight to twelve unknowns. The design with twelve unknowns in- 
volves getting equations and data from groups of half-sibs and 
identical twins reared apart—difficult to get in sufficient numbers. 
But even when reduced to the simplest form of finding eight un- 
knowns the MAVA method is dealing in vastly more refined concep- 
tions and comprehensiveness of solution than is the classical twin 


method. 


A second shortcoming suggested is that children in foster fami- 


lies (or certain other classes) may not be biologically and cultur- 
ally typical of the nation’s children as a whole. Perhaps the onus of 
proof for this should be returned to the critic. But, if We assume 
he is right, one answer would be to match our control mayer 
families on sociological parameters of origin, pa } wit : 
those containing the sibs reared apart and he unre re reare 
together, i.e., to bring a. —e across our classes some 
match in bi ical and cultural range. ; 
ake ee Jet us note that this suggestion of —— of 
some kind acting on the adopted child variance is “ he — 
as the assertion that social placement agencies a — 7 hil- 
dren in chosen families in such a way as to bring a i se ome 
nurture correlations. The latter is not likely to amount to a h ex- 
cept in the trait of intelligence. It is asserted that ree: P sey 
agencies choose the educational level of the adoptive home to fit 
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the level of intelligence of the child, as expected from his biological 
parentage. Though such non-random placement is unlikely asenpt 
in intelligence, the existing MAVA method introduces and ego 
for a possibly non-zero placement correlation. Another way 0 
avoiding the objection that foster children are a biologically bee 
normal sample would be to drop those equations and observations 
which deal with children raised outside their own biological fami- 
lies. This could be done, but only at the cost of laming the design 
by cutting it down to a relatively coarse set of equations and un- 
knowns. , 

The third difficulty raised is that the standard errors of the esti- 
mates of within and between family hereditary and environmen- 
tal variances, etc., obtained by the MAVA method are likely to be 
large, through the nature of the equations and derivations, so that 
the sample sizes required for a reasonably steady estimate may he 
expensively large. This is a complex question better answered later 
in the presentation. 


Environmental-Genetic Relationship as 
Covariance and Interaction 


A normal sequence of exposition might seem to require that we 
discuss more fully the meanings of the previously mentioned four 
named sources of variance (within and between family, etc.) be- 
fore discussing their interaction. But the former, having the usual 
meaning and mode of calculation of within and between variances, 
present no mysteries for the average reader which cannot be safely 
postponed to later discussion. The correlations and interactions of 
heredity and environment, however, have some unexpected and 
intriguing features, whose clarification is essential to the primary 
overview of the model. In particular one must ask which correla- 
tions deserve to be considered. 

The simplest MAVA model begins with the assumption that 
hereditary and environmental influences are additive and linearly 
related to their effects. Unlike the twin method, however, it does 
not assume they are uncorrelated. Both the linearity and the cor- 
relation are illustrated by equation (1) above for the sibs reared 
together. All penetrating discussions of the problem, and espe 
cially the considerations in the writings of Burt and Howard (1956, 


HEREDITARY AND ENVIRONMENTAL INFLUENCES 101 


1957), Fisher (1930), Penrose (1959), Wright (1960) and re- 
cent contributors make it extremely probable that significant corre- 
lations of hereditary and environmental influences will exist both 
within and between families.* 

The a priori arguments that significant correlations of hereditary 
and environmental influences must exist are now supported and 
illustrated in a variety of personality aspects by the researches 
with MAVA by Cattell, Blewett, and Beloff (1955) and Cattell, 
Stice, and Kristy (1957). These pioneer studies have the approxi- 
mate character of pioneer studies, but they indicate, for example, 
an r of --.25 between hereditary and environmental effects on in- 
n-family variances—a result, inciden- 
tally, which is remarkably close to the values of 22 to 30 
repeatedly obtained for correlation (likewise when families are 
used) between intelligence and social status. Other intriguing cor- 
relations found in these two substantial studies are a correlation of 
—.51 between heredity and environment in their effects on the gen- 
eral level of inhibition, U.I. 17 and of —.53 of the same with regard 
to the factor U.I, 23, which Eysenck called “the neuroticism factor’ 
and we have identified as regression. Possible mechanisms are, in 
the first case, that individuals of constitutionally low general inhi- 
bition, U.J. 17, tend to encounter more traumatically inhibiting 
pressures from the environment. In the second case, the negative 
correlation with ergic regression suggests a self-correcting temper- 
ing of the wind to the shorn lamb” in which a protective ces 
phere reducing regression-producing conflicts _ Sie he 
families constitutionally sensitive to such conflicts. Incidentally, the 


telligence in terms of betwee 


*A volume of opinion to the contrary exists, nade ae ae pa Ne 
Professionally immersed in the problem. For examp! le; Hells : : Cea Aa 
(1962) in Britain assert there is no reason to b - ha 

way correlated with social status. Ind eed, the 
an alleged intelligence test any items 


America, and Isaacs 
hative intelligence is in any 


former S to reject from ; : 
went so far as to re} 4 Fe | ate: Je re 
which iiaicd a social status differential! Incidentally, this did a disservice to 


age : 2 ). For the aim 
public .e in culture fair intelligence tests (Cattell, Se 

of the ieee be to meet the criterion first of i eacds fe 
secondly of being culture fair. The Eells-Davis tests ¢ ao re vaslalled 
and in hi situation in which partialling out sei es frees ot a 
out much intelligence. The study of Ma er ocd status about +.22 
the Culture Fair intelligence measure correlates 


to +.24 d with +.30 to 4.34 for traditional intelligence tests. 
-24 compare! , : 


102 RAYMOND B. CATTELL 


unforeseen but systematic finding that heredity-environment corre- 
lations are more frequently and largely negative has become one 
of the two main supports for the law of coercion to the bio-social 
mean. (Cattell, 1957). This law suggests a variety of special studies 
to exploit its possibilities further. 

Although the MAVA model thus respects and allows for the 
determination of heredity-environment correlations in a way which 
the twin method, for example, does not, it has not hitherto been 
extended to include also interaction effects. Interaction, in the usual 
statistical meaning, sometimes gets conceptually confused with co- 
variance. Obviously it is independent of whether the two “effects 
(influences) are correlated in the population or not, and its exist- 
ence simply means that some dependent variable cannot be ac- 
counted for solely in terms of an additive, linear composite of the 
two influences. Assuming that the hereditary and environmental 
influences on a trait are usually correlated, we have next to con- 
sider that they may not produce their effects on a linear, additive 
fashion. Let us first note that the formulae so far used, as in 
(1) above, require a non-interactive relation as follows: 


dsr = Itenlw + hweew (2) 


where d is the observed deviation [here exemplified between sibs 
reared together (ST)] and e, and h, are the standard scores re- 
spectively of environmental and hereditary influences operating 0" 
the individual differences within the family. [Note that subscripts 
for an individual pair, i, are omitted, but that instead of including 
the k’s as hidden in the score scaling, as is done in equation (1); 
we here consider the influences from environment and heredity to 
be in standard scores and the magnitudes of their relative influences 
to be shown by ky, and kye.] 

If now we hypothesize that interaction as well as covariance of 
(1) exists, then any kinds of product, raised to any powers, of @w 
and es would need to be correspondingly modified. In the embarras 
de richesse presented by so many possible hypotheses and formulae, 
and where experiment bids us begin with the one most likely 
hypothesis it is reasonable to take the simplest. Thus we should 
perhaps begin simply by adding to (2) a product term, Cel res 
weighted by a new coefficient Knews Which is quite independent of 
Kwe and ky;. This product term could be interpreted, for example, 
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as meaning in the illustrative case of intelligence, that a good en- 
vironment operates more powerfully to improve intelligence when 
the native intelligence is already high. 

The effect of this modification of the assumption in (2), while 
retaining correlated effects as in (1), is as illustrated in (8). (To 
disencumber the formula, the subscript ST is omitted and we have 
simply ow to designate observed variance within the family.) 


Ooo = Wak Moet Wubwekonkwe + Kh ncwF*hew (3) 
+ WwehelwekhewThee 1H Wieh.newkwrknewThew 


vanish because they are in standard scores. ) 

It might at first appear that we have complicated our solutions by 
the introduction of as many as four new unknowns, but actually 
Chews Twh.rew ANA Twe.new can be derived from oi, Ge ANA Twr.wes SO 
that essentially only one is introduced, namely, kiex, the weight to 
be given to interaction. Consequently, in the ten or so equations 
covering all family constellations, only two unknowns would be 
added; knew, the weight for within family interaction, and Kye», the 
weight for between family interaction effects. 

The prospects for experimentally employing a MAVA solution for 
an interaction as well as a covariance model are therefore reasonably 
good. It would mean either finding two new, independent simul- 
taneous equations from new family constellations, eg for half sibs 
reared apart, or dropping two of the correlations discussed in the 
hext section, on grounds that they must be very small, or adopting 
the approximation or assumption that interactions within and be- 
tween families are much the same, thus reducing Knew and Kren 


to kine. 


(The op, and one terms 


The Possible Varieties of Heredity-Environment Correlation 
de heredity-environment in- 


Having extended our model to inclu 

teraction as well as correlation it perhaps behooves us to be more 
specific about the varieties of psychological, social or physiological 
hypotheses which might be tested by calculations of such correla- 
tion and interaction. Such 2 psychological examination of correla- 
tion sources, for example, might also affect ee ica ap 
Suggesting that extra family constellations might not be needed in 
some cases since r is almost certainly zero. 
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In an earlier discussion of these correlations (Cattell, 1953; Cat- 
tell, Blewett, & Beloff, 1955) we discussed the usual “mathemati- 
cal expectation that among four variances there could be six 
correlations to consider. These would consist of four involving rela- 
tions of one “within” with one “between” family deviation (of indi- 
viduals—see --- in Fig. 1), and two—ryn,r6 and frerwe—confined to 
terms both of which are either between or within (see — in Fig. 1). 
However, by our usual habits of thought on statistical rules, the 
first reaction, from Anovar practice, would be that the first four 
must vanish because of the assumption of non-correlation of any 
individual’s within group deviation with his family’s between group 
deviation. The fallacy in this simple reaction is that we are dealing 
with abstract variances, not concrete variances. True, it is a math- 
ematical impossibility in groups consisting of random samples to 
get within and between variance correlated. But when this is true 
of the total, concrete variance it is still possible for within group 
hereditary variance to be correlated with between group environ- 
ment, or environment in the former with heredity in the latter, 
for these are special abstractions from the concrete whole. That is 


to say, significant correlations in all six senses shown in Fig. 1 are 
possible. 


gerese 
as} 
/ 


Nove 1. Possible correlations by simple consideration of mathematical com- 
binations. 


Consequently, our question is no longer whether within-betwee? 
correlations are possible, but whether certain of them are likely 
enough, from systematic causes, to justify entering a non-zero term 
for a numerical solution. Any psychologist can think of several 
theories which would require correlation within the family, ie, © 
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deviation on heredity with deviations on environmental treatment, 
as when parents toss more intellectually demanding problems to 
their more gifted child. A demonstrated instance is the fwawe of —.50 
which we found (Cattell eé al., 1955) for the dominance factor, 
E, in the 16 P. F., suggesting that sibs or parents must be encourag- 
ing more dominance in the less dominant and fixing “trash for 
overtopping,” in Hamlet’s terms, upon the more dominant. Simi- 
larly, any sociologist can generate hypotheses requiring family dif- 
ferences in heredity to become associated systematically with dif- 
ferences in environment, to yield a significant Ton.0. A rather special 
instance of this is the tendency of bright children to have been 
brought up in the environment provided by less bright parents, 
and vice versa, due to regression to the mean. 

These “homogeneous” correlations (the solid lines in Fig. 1) are 
fairly obvious, but one must take a more sophisticated look in order 
to see the instances of within and between correlations. An instance 
Of Fyep.ye—an_ individual's likelihood of greater genetic deviation 
within his family being related to greater (or lesser) deviation of 
the environment of his family from the mean of families—is pro- 
vided, for example, by the fact that genetically less assortative mat- 
ings will tend to yield greater within family hereditary variance in 
the children. Since a large difference between the parents is some- 
thing which contributes to the nature of the common family envi- 
ronment or atmosphere surrounding the children, a child more de- 
viating from his family hereditary mean (as occurs when parents 
are genetically very different) is likely to be brought up ina family 
in which the environmental effects of having more “discordant” par- 
ents are also greater. Thus a relation (by eta if not by r) of a wh.be 
kind, could become significant here. A_ systematic relation in the 
converse direction, to lead to a significant To1..e> would arise from the 
theory that families with a high manic-depression genetic endow- 
ment will tend to create an environment more uneven for differ- 
ent children (depending on the age at which they happen to 
ability), so that the genetic constitution 


experience parental inst 
) becomes related to the environmental 


of the family (as an average 
variability within any family. a 

The “within-between” relations of within-environment with 
and of within-heredity with between- 


between-environment, Tie.ve> J 
1) would not, mathematically, be 


heredity (broken lines in Fig. 
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able to yield any linear correlation, for the usual reason in Anovar. 
But they could yield relations of the kind shown in Fig. 2. In 
2(a) for example, the families which deviate positively in environ- 
ment could systematically contain individuals who deviate more 
in both directions than do families below normal. For example, a 
family high in interest and capacity in giving educational aid to its 
children might discriminate among them more, according to native 
capacities, in the amount of education given (the bright child to 
the most challenging college), whereas in a family with low educa- 
tional interests a general mediocrity of educational pressures might 


In environmental influences 


BE BE 


WE \ WE 


In hereditary influences 


8H eH 


(a) 
Sa S< - 


Fic. 2. Some major examples of association of within and between de- 
viations (and, therefore, variances) without linear correlations appearing: 
(Substantive examples of these are discussed in the text.) 


prevail. The opposite direction of association, in 2(b), could 
be illustrated by the tendency of parents with greater and more 
enlightened affection for their children to bestow it more evenly, 
whereas careless favoritism might prevail in parents less conscien- 
tiously interested in their children. An instance of a related pattern 
in heredity (oy and oy.) could result (Fig. 2 (c)) if matings are 
less assortative at lower than at higher levels. [The data, (Table 11) 
in Higgins, Reed and Reed (1962), suggest this may be true in the 
trait of intelligence.] Then greater within family hereditary vari- 
ance would prevail at lower hereditary family levels. 

Effects of the kind in (a) and (b) could yield significant curv 
linear correlation, in etas, and in (d) could result in a correlation 
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coefficient never before described, but which could be formulated 
as a “double-eta.” However, none would yield a linear covariance 
term. Consequently, in the review of evidence to this point we 
would conclude that there is need to enter the MAVA solution with 
only four linear correlations in anticipation of possibly significant 
values, namely, with Ten.ies Ton.ves Toh.wes and Pen.ve- 

At this point, however, one has to take note of two, possibly three, 
quite peculiar psychological correlations. First, as we have already 
noted, when children are adopted there may be a tendency (see 
following section) for agencies to place children of certain pro- 
spective genetic maturations in families environmentally selected 
to fit those expectations (in the interests of harmony), e.g., the 
child of a dead genius to the adoptive family of higher education 
and the less intelligent to the less intelligent foster parents. There 
is little documentation of how far this goes on, consciously or un- 
consciously, but it is generally believed by sociologists to be a 
serious possibility. Accordingly we introduced into the MAVA de- 
sign the principle of placement correlations, indicated by a double 
prime, 1” wr.ves representing the correlation tied to the within family 
heredity differences of adopted children, and 1”yx.0e, representing 
the correlation produced between families by the above mecha- 
nism. It may well be questioned whether the former, which implies 
that placement agencies distinguish, in say, the first year of life, 
between a sib to go to a “better” and another to a “poorer” family 
environment, should be seriously entertained, but we have played 
for safety. ss 

Another class of possible additional correlations is that created 
by any need to change a correlation that has already been desig- 
nated when it is likely to become systematically different in size 
because of a new range of variance being created by special cir- 
cumstances. For example, we have agreed in the standard MAVA 
formulae to a o2.e’, Which accepts the presumed fact that differ- 
ences of environment betwen twins are different from those be- 
tween ordinary sibs—o2,e- Within this narrower range for fraternal 

environmental and hereditary influences 


twins the correlation of : : Puen| 
could well be different from that among ordinary sibs. (This raises 
the unknown variances to five, unless as in our earlier exposition, 


one also likes to distinguish the environmental variance of identical 
from fraternal twins, by o7:e’s giving six.) The question now arises 
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whether the value rei.i-e’ is likely to be different from Pie. Against 
this it might be urged that although o”,,.. is probably smaller — 
owe, yet the rate of change of environmental treatment with heredi- 
tary difference, i.e., the regression, would tend to be the same. ; 

A similar problem arises in adoptive families where the range of 
hereditary variance is certainly greater than usual because it in- 
cludes the normal within family variance plus that due to the 
children coming from different biological families. Thus in the 
equation which begins 6”)-7, = 7 ++ 2» (where UT means sil 
related together) should we anticipate in the next term a cil 
value, 1 rj.we differing from rwr.e because of the greater* range, 01 
Suppose, as above, that the regression rate of environmental vod 
sponse to hereditary increment is the same, though over the greater 
range? 

On the one hand, we are pressed toward an economy of assump- 
tions by the anticipated dearth of further empirically derivable 
equations to solve for new terms. On the other, we recognize the 
danger of considering two terms to be identical when psychological 
reasons suggest it would be wiser initially to hypothesize two distinct 
entities. A decision on these questions, and particularly on what 
order of priority should be given to the eight possible 7’s (tenes 


: él 
Tyn.bes Twh.bes Tonaces TP reh.bes P bh.tes Twh.wes and None’) is better made 
after the following section. 


Evaluations of Origins and Possible 
Significances of Correlations 


Although we have discussed variances and covariances systemati- 
cally, through all possibilities of the model as such, our discussion 
of their psychological origin and meaning has so far been only for 
purposes of illustration. Since, among the always infinite number 


"Earlier (Cattell, 1960) we have also split from rwr.we a r’on.we term. The 
latter seems unnecessary if we accept r’wa.we to hold steadily over the actual 
within family hereditary range due to both normal within family hereditary 
variance and to that component coming from between family hereditary dif- 
ferences. This is less confusing because if ror«e enters in any other equations 
it does so in quite a different sense from this r’m.we, being due to effects of 


the kind discussed and exemplified above by, say, more intelligent families 
giving a more varied environment. 
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HEREDITARY 


of possible models we must be assured that we have one with a 
reasonable chance of success, it is necessary, before adopting the 
MAVA model more seriously, to scrutinize more closely what we 
believe happens in psychological, sociological, and biological terms. 
In particular we should look at the forces deemed to be producing 
correlations. 

Broadly, one has to consider three possibilities here, (1) that a 
genetic difference brings about a difference in environmental in- 
fluences on the individual, (2) that an environmental difference 
brings about a genetic effect, and (3) that some third influence 
produces both. Since heredity and environment are by definition 
supplementary, and exclusive terms, the third possibility may seem 
illogical, but it must be remembered that the “environment which 
affects the child,” as here, is still not synonymous with the universe 
of environment, nor are the genetic influences on the child com- 
prehensive of all past and present sources of genetic variation. In 
other words, there are more influences, genetic and environmental, 
than those which directly account for the total variance of traits in 
a given population, so that a third term may lie outside of these, 
e.g., in an event two generations back. 

For condensation, this section must arrange systematically the 
results of discussion, not indulge in discursive reflection, under the 
three main headings just made, considering each again under 


“Within” and “between” family situations. 
Genetic Causation or Hereprry-ENVIRONMENT Associations" 


Within Family 
(1) Associations by migration. The genetic endowment causes 
the individual to move into a certain kind of environmental, eco- 


logical setting, as when schizothyme temperament causes a person 


* Parenthetically, one must beware of confusing any of these true genetic 
effects on environment with the fallacious concept sometimes ADDLAUNS An such 
statements as “the same environment is more stimulating of coca in - 
intelligent child because he sees more in it.” This way lies mad ie bo only 
clear handling of perception ascribes part of any — to he hep 
of the situation, given by the definition and the species and part to 


physical 5 
the individual. The former we define here as independent environment and 
C vidual. e of 
anything else will show up in interaction terms. 
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to take such occupations as forestry or research physics, where 
experience in social situations becomes reduced. ; : 

(2) Associations by shaping environment. The genetic same 
ment results in environment correlating because it is the means o 
changing environment (thus, in a very broad illustration, the genetic 
endowment of a bird causes it to experience a nest environment, 
denied to animals). Countless examples of individuals of given 
genetic make-up tending to create particular environments can be 
cited. For an example of a fairly subtle instance one can turn . 
the finding of Cattell, Blewett, and Beloff (1955) of the apparen 
tendency of a high I factor (tender-minded) person to create . 
protected, unambitious, esthetically soothing environment which 
cherishes his original esthetic sensitivities (Teen = —+-10 to +50). 

(3) Associations by producing environmental response. From 
the social environment (and even to some extent the physical en- 
vironment) a genetic endowment may provoke characteristic aa 
vironmental treatment—a relation quite different from (2). Just as 
physical beauty or ugliness can provoke consistently different s0- 
cial treatments, so also dispositional endowments will become 
correlated with environmental responses. For example, aggression 
is commonly met with aggression. The finding of Cattell, Blewett, 
and Beloff (1955) of strong indications of a negative Mve.wh for the 
dominance factor, E, looks like such a mechanism. Here also must 
be included the tendency of people [excluding for the moment the 
subject himself, for this would be (1) above] to select their as- 
sociates according to preferred characteristics. 


Between Family 


Examples of all three of the above, transposed into the between- 
family situation, will occur to the reader and require no recapitu- 
lation. For example, the upward social mobility of intelligence- 
endowed families as an instance of (1). One would hypothesize 
that correlations from (3) would be significantly smaller than 
within families, because society does not know each family as well 
as a family knows its members. Conversely, (1) and (2) should be 
larger, because there might be less error and happenstance in the 
mean reward for a whole group than in the fate of a single individ- 
ual. Additionally, there will be a fourth mechanism here, as follows: 
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(4) Associations by differential survival. If a certain genetic 
endowment favors sheer survival, either by birth rate or death 
rate differentials, within a certain social environment or in con- 
junction with a certain family atmosphere, it cannot affect the 
individual, who is either alive or dead. But it can affect the means 
of families, and such selection of its members could produce rvi.u 


correlations. 


ENVIRONMENTAL CAUSATION OF HEREDITARY-ENVIRONMENT 


ASSOCIATIONS 


Within Family 


In general, any correlation from this direction of action, upon in- 
dividuals and within the family, would be expected to be zero, for 
the simple reason that the child is already born! His environment 
can no longer affect what genes he is given. However, differential 
death rates might theoretically operate, e.g., a more overprotective 
attitude to a child of weak constitution might favor his survival, 
producing more instances of over-protection combined with defec- 
tive constitution than expected from a zero correlation. 


Between Families 


All four mechanisms under (1) can act here, but in the reverse 
direction, i.e. environment-as-cause. Environment, stimulating mi- 
gration could act by natural selection to produce correlations, e.g., 
those found for lower competence and intelligence in farm-failure, 
city-ward migrants at time of agricultural distres Environment 
can shape or at least selectively manipulate heredity, at the family 
level and with respect to the next generation, as when persons in a 
more neurosis-producing environment might avoid genetically 
ates. [The equivalent of mechanism (1) above.] 
act by selection as when parents (families ) 
ducation level have fewer children. This 
would statistically reduce the correlation of native intelligence 
with an intelligence-stimulating environment, for fewer cases of 
high intelligence with high education would exist than formerly. 
And it can produce differential survival, as in (4). One would 


neurosis-prone ™: 
Environment can also 
subjected to a higher e 
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hypothesize that correlations from (2) are trivial relative to those 
in (1) or (3). 


Common Cause Operatinc oN Botu HEREDITY AND 
ENVIRONMENT 


Within Family 


Only in the exceptional instance of some mutation-producer, ¢.g-, 
radiation, age of mother (as in Mongolism), simultaneously affect- 
ing the heredity and environment of an individual could there be 
anything but a general zero correlation here. 


Between Family 


Many influences could simultaneously change environment while 
causing a hereditary selection between families. A more refined 
analysis would involve all four mechanisms noted above. For ex- 
ample, there can be deliberate selection by society, as when in- 
telligent children are sent to college or very uncontrolled people to 
jail. Or again a disease may simultaneously select for environment 
and heredity, e.g., malaria and sickle cell anemia, or tuberculosis 
selecting for lower social status and leptosomatic-schizothyme con- 
stitution (Cattell, 1950). Or again, social placement agencies (see 
above) produce such correlations, as also do eugenic ideals in a 
community. [Conversely, as Fisher points out (1918), dysgenic, 
competitive-birth-restrictive family attitudes may become correlat- 
ed with higher intelligence, and other largely genetic qualities.] 
One suspects that correlations from source (3) could frequently 
be statistically significant. 

From the above it will be evident that almost any correlation ob- 
tained is likely to be the outcome not of one but of several influ- 
ences producing it. Thus we have the situation in which we usually 
apply factor analysis to discover the influences back of the ob- 
served correlations. Unfortunately, with only four to six variables 
the possibility of employing a factor analysis to determine the num- 
ber and nature of influences at work—some of which would be 
“doublets”—is at present remote. Interpretation and allocation of 
contributions to various influences will therefore have to proceed 
from the obtained correlations by less systematic means—by ob- 
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serving correlation changes with selection and manipulation and 
by reaching out for clues from more remote and varied fields. The 
hypothesis of the law of coercion to the bio-social mean is an ex- 
ample of such inference on correlation, for it proceeds from both 
MAVA results and findings in the field of misperception or pro- 
jection (Cattell, 1957). 

With these considerations before us, when we call for a restriction 
of the number of unknown 1’s, (as we approach the limits of avail- 
able empirically based equations), elimination has to be finally 
carried out with regard also to (a) the unknown variances de- 
manded in the solution, and (D) not only the number of equations 
available, but the number available which offer mutual algebraic 
independence. What has been called the Limited Resources Design 
identical twins), 07:1, 070, 670, and 
as correlations Tren.wes 1 we.bhs Toh.bes r" vnve. The Complete Design 
adds one more variance, considering o°«’ (fraternal twins) as 
possibly different from the environmental variance of brothers (cor- 
rected to the same age), and it adds one correlation, 1 ee.on. This 
combination could probably be improved upon, for 7.1, as we 
have seen, could well be considered the same as 1 we.wn Indeed, it 
might be better to drop one more correlation and add one more 
variance—namely, o”»n’, to respect the possibility that children who 
are adopted are biologi sally selected, which we discussed at the 
outset. With seven unknown variances and eleven possible equa- 
tions, one might then give priority to four correlations, as follows: 
Tiencaces Ton.ves T" bh.bes ANG Mop.rce- This assumes that 7’yy.2¢ is no different 
is unlikely to be different from r7..e’ but 
that they merely act over a different hereditary and environmental 
range, respectively. It drops 1” irn.ve, One of the placement correla- 
tions the probability of which is extremely difficult to justify, and 
it is only in the loss of fwa.n that any regret need be felt. Regarding 
the latter, however, it is difficult to see any possible cause of cor- 
relation other than that difference of parents, cited above (p. 105), 
or some oddity where extreme deviation in the offspring from the 
general population, as in the Siamese twins, affects the family’s 
fortunes while the children are still young! Nevertheless, it may be 
desirable to seek a twelfth independent equation to permit solution 


for a possibly significant value for Tri.ne- 


takes as variances oye, 0710” ( 


from Tyen.we and that Men.re 


114 RAYMOND B. CATTELL 


Beyond Nature-Nurture Analysis to Genetic 
and Environmental Mechanisms 


Merely to achieve numerical values (with a given standard 
error) for the intra- and inter-family hereditary and environmen- 
tal variances on well-known source traits, such as intelligence, ego 
strength, surgency, etc., and for the usual heredity-environment 
correlations in our culture between them, would be a substantial 
step from the chaos of psychologists’ present speculations in this 
area, It would lead to much more informed theories in most as 
pects of personality development, and much more skilled practice, 
e.g., in clinical and educational psychology. However, the geneti- 
cist longs for solutions going beyond this point, namely, to some 
understanding in terms of Mendelian mechanisms. 

Obtaining the ratios and correlations so far considered as the 
goal is then actually only a means to certain ends in more basic 
science, Those ends are dual (1) finding genetic structures and 
determiners, and (2) tracing the sociological determiners of envi- 
ronmentally produced personality change. This chapter is con- 
cerned mainly with the former, but for perspective we shall in this 
section glance briefly also at the latter. 

The problems of inference in the former area are tremendous. 
Almost certainly we have to deal in most psychological source traits 
with polygenic determination. Only in a few highly specific bits of 
behavior, which might perhaps be located by intensive observa- 
tion of certain families, might one hope to find potential behaviors 
tied to specific dominant and recessive genes. For the greater part 
of the broad source trait behavior which interests psychologists, We 
must surely look for the salvation of genetics in still greater refine- 
ments of methods of population or biometric genetics such as de- 
veloped by Fisher (1930) and Wright (1960).° Such studies have 
proceeded by refined mathematical models to infer the gene struc- 
ture from the form of population distributions, from changes in dis- 
tribution from parent to offspring generations, and from changes i? 
distribution with various mating restrictions. 

However, the biometricians and population geneticists have 


* The interested reader may also want to look at Crow (1958), Darlington 
(1939), Haldane (1924-1927), Malécot (1948), and Mather (1949). 
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worked almost exclusively with measurements of phenotypic char- 
acters which can be safely assumed to be only trivially modified 
by environment before the measures take place. By contrast, the 
psychological geneticist has first to make a separation, by the 
MAVA or any other available method, and to estimate what the 
unmodified phenotypic characters would be. Only then can he be- 
gin applying the methods of biometric genetic influence. 

The strategic coordination of the nature-nurture analysis meth- 
ods with the inference methods of biometric genetics perhaps 
awaits a methodological genius. But one can see that the designs 
will at any rate fall for cross-comparisons of results from several 
MAVA analyses carefully chosen to yield crucial relations of ge- 
netic variances for various degrees of consanguinity of parents, 
various measurement homogeneities of parents, etc. The single 
MAVA study will no longer be enough. One possible example of 
this strategy is as follows: (a) determination of 07,1, oy, etc., for 
children of random and first cousin marriages; (b) the same for 
parents at very similar, ie. at high and at low levels on a trait; 
(c) the same for cultures in which mating is more assortative and 
less assortative; and (d) the same for specially selected rare in- 
stance of incestuous or bizarre mating which reproduce the in- 
breedings, back-crosses, etc., obtained through the freer breeding 
manipulations normally pursued in animal genetics. 

This path toward determining the number of genes at work in 
given source traits, their dominance, epistacy, etc., is thus going 
to require two major steps. First, there has to be some original 
and fundamental thinking on the groups required for most potent 
inference in terms of new principles of biometric genetics. Sec- 
ondly, research foundations need to recognize that we face an un- 
usual type of problem in which the answer is to be obtained only 
by several large scale researches, carefully planned and coordi- 
nated, each requiring a considerable amount of social work to lo- 
cate cases meeting very special requirements. 

As mentioned earlier, although my primary concern is genetics, 
the reciprocal relation of genetic and learning influences makes it 
desirable to ask also what further analysis can be done on the envi- 
ronmental variance components. One of the major defects of learn- 
ing theory (Cattell & Scheier, 1961), is that it has set out to 
explain major personality learning without stopping to ask what 
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has to be explained. It has simply dragged in the gone 
flex from the highly controlled animal laboratory, disregarding 
(a) the possibility that new phenomena may require new pa 
ples, and (b) the fact that the sources of human personality gi 
ing—the influences and pressures—have not been located and “ 
probably never be subjected to manipulation. The latter points ; 
the urgent need for a new methodology—one which locates anc 
measures the sources of learning influence which cannot be , 
nipulated. The MAVA method is in certain senses the only paar 
the learning theorist has for investigating these broader personality 
learning principles. The measured source trait is the dependent 
variable and the genes and the environmental learning pressures 
are independent variables, yet neither of these independent var 
ables can be manipulated as the laboratory animal experimenter 15 
accustomed to manipulate them. . 

The failure to grasp this fundamental principle—including the 
fact that he does not even know what the distinct environmental 
influences in society are which he might need to manipulate— 
makes the present personality theories by the reflexologist pecu- 
liarly empty. Fresh from the animal cage, he fails to see that the 
theories which he so fluently generates about the interaction of 
learning and maturational influences simply cannot be tested for 
human personality by his methods. Instead of simply manipulating 
independent variables—genetic and experiential—one must now g° 
through two stages: (1) the discovery by the MAVA method of 
how much of the variance of the dependent variable is due re- 
spectively to maturation (genetics) and to learning, and (2) the 
tracing of this variance to sources (a) within genetic mechanisms, 
by the biometric methods just discussed, (b) within environmen- 
tal sources of experience. 

In our present glance at the latter let us make first the important 
observation that all o?,,. variance is not due to sources present only 
within the family and that all ¢2,,. variance is likewise not due only 
to social differences between families. For example, in connection 
with the ?,, magnitude one thinks of the contributions from differ- 
ences in family social status, localitie: 
and other sub-cultures, schooling, 
whatever is shared by 
them from another, up 


S, peer groups, income, religious 
etc. The sources must reside 17 
children in one family and distinguishes 
to the age at which they are tested. It 1§ 
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perhaps the sociologist who most needs to be warned against think- 
ing that all between-family differences are due to positions and 
parameters within society. There are also those more subtle “family 
atmospheres,” generated by interaction of personalities and partly 
handed down by tradition within families, such as have been studied 
by Baldwin (1946), Cattell (1950), Symonds (1931), and others, 
and part of which may be measurable by the new, objective, intra- 
familial attitude measures (Sealy & Cattell, 1965). There are also 
such diverse environmental contributors as the gestation environ- 
ment common to the sibs of one family, the common experience of 
certain family trauma, and historical vicissitudes, etc. 

In o°,-¢ will go typically all that distinguishes one child’s ex- 
perience within a family from another's, such as sib-position, birth 
trauma and illnesses, differing age and experience of parents at the 
critical (imprinting ) developmental period, and differing treatment 
and “favoritism” by parents. Thus not all the within-family environ- 
mental variance will arise from the learning sources within the 
family. Children from the same family may attend different schools, 
attach to different peer groups, etc. Possibly a minority of influences 
affect both the within and the between family variances, just as, in 
the corresponding genetic situation, the same genes may be re- 
sponsible for both within and between family genetic contributions. 
Consequently, the main problem is the resolution of the total en- 
vironmentally determined variance into its environmental sources. 

The central principle here is that conceptually distinct sources 
may not be statistically independent. For example, social class and 
religious affiliation are conceptually distinct, but in any multiple 
correlation expressing their effects in the United States they are 
correlated, It is the claim of the factor analyst using oblique simple 
structure that he can isolate these conceptually, functionally dis- 
tinct sources. In the present case, by taking MAVA solutions for 
many different groups, each measured for many different environ- 
mental variance sources, he would aim to discover what influences 
contribute to personality learning, i.c., to recognize them as dis- 
tinct contributing factors, but oblique (correlated) as in fact they 
would be in the community. 

If we could measure every independent environmental variable 
the multiple correlation of this total environment with the environ- 
mental variance contribution as measured by MAVA (across a 
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series of groups) would reach unity. But with the actually ob- 
served trait itself (genetically and environmentally determined) it 
would reach: 


R V ni ‘ils a ~ (4) 
on + Oh + Fcc + O70 


, if in standard scores). 


(= Va ve + ore 


An independent check on the value for o7 we and op obtained 
by the MAVA method would thus theoretically be possible by cal- 
culating the multiple correlation, R, between all environmental 
influences (measured directly, not as effects, which we cannot di- 
rectly measure), and the raw observed trait score, across a series of 
individuals in the community. In practice, the real problem is 
that we cannot hope to obtain even a major fraction of the rele- 
vant environmental influences. Thus the R value obtained would 
be useful only as a lower bound for the true environmental vari- 
ance contribution. 

However, with the multiple correlation (over individuals) of a 
whole set of individually obtainable values for environmental in- 
fluences known to contribute to a trait we could estimate how 
much of an individual's score on a trait is due to learning, whereas 
in the general MAVA solution the obtained nature-nurture ratio 
permits us no such solution. (It may tell us in absolute terms that, 
say, one-fourth of the score is probably due to environment, but the 
regression leaves individuals in the same rank-order for their envi- 
ronmental as for their total observed scores.) On the other hand, 
for the population as a whole, a useful estimate of the correlation 
between some specific, independent variable in the environment 
and the purely environmentally-produced change in a trait can be 
made if we know the nature-nurture variance ratio and the correla- 
tion of the environmental element with the full, observed trait 
measurement. (We can simply take out the hereditary variance 
contribution from the observed trait variance assuming no correla- 
tion of the hereditary with the environmental influence or estimat- 


ing it as that obtaining between heredity and total environment 
on that trait.) 
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These brief illustrations show that a rich domain of possible in- 
ference—at present unattainable in any other way—opens up as 
soon as we have MAVA results from a sufficient variety of sub- 
cultures and genetic groups. The major pay-off lies in the com- 
parative analyses which then become possible. The off-handed 
comment is sometimes made that all one obtains in nature-nurture 
ratios is a quantitative statement which holds only for a particular 
culture and a particular racial mixture of population at a particu- 
lar point in history. This is true, but this very particularity is the 
effective means of obtaining all kinds of valuable conclusions in 
comparative culture and comparative genetic studies. Here is the 
opportunity, for example, to relate the magnitude of environmental 
contribution to a trait to forms of social and political organization, 
or the magnitude of the obtained genetic variance to magnitude of 
physically measurable racial and genotypic variance in the groups. 
Doubtless, in time, as MAVA results on common marker factors 
accumulate for different cultural groups, a whole science of com- 
parative personality-culture relations will develop here. A special 
instance of this which is of major interest to the clinical and de- 
velopmental psychologist is the comparison of variances and cor- 
relations for groups of different ages in the same culture, or of 
children in different sibship positions, etc. discussed below. How- 
ever, while still in the cultural realm one may note that variations 


in a particular ratio, namely: 


2 
Owe 


2 
Tbe 


would give an immediate and indisputable answer to the peren- 
nial argument between clinicians and sociologists regarding the 
relative importance (for a given trait and culture ) of early events 
affecting the individual within the family and of social status and 


other sociological parameters broadly differentiating families. 


Some Further Possible Checks and Analyses 
with MAVA Results 


and dependent variables MAVA has, 


In terms of independent 
tain family resemblance to factor 


along with other methods, a cer’ 
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analysis. This methodological class resemblance lies in its analysis 
of observed variances into certain abstract but theoretically impor- 
tant sources which cannot be directly measured. Hence, it is not 
surprising to find speculation on whether factor analysis itself could 
assist in separating genetic and environmental contributions. The 
present writer (1946) hypothesized that primary personality fac- 
tors could be generated either as constitutional or as “environmen- 
tal mold” traits. That is, granted certain conditions of factor resolu- 
tion, a functionally unitary factor would not be the structure 
jointly produced by hereditary and environmental influences, but 
would be the two separate components in this structure. The hy- 
pothesis followed from the theory of surface traits (as correlation 
clusters) and source traits (as simple structure factors). With the 
methods of factor resolution somewhat crudely practiced in the 20 
years following this theoretical statement, the studies published by 
Cattell, Blewett, and Beloff (1955); Cattell, Stice, and Kristy 
(1957); by Eysenck (1956) and by Eysenck and Prell (1951), 
have certainly produced factors which are mixtures of hereditary 
and environmental contributions. With the varying selection and 
notation conditions of the factor analytic model it is clearly possible 
for factors under one set of conditions to represent a final compos- 
ite pattern and under other, more sensitive and refined designs, to 
yield the separate environmental and genetic patterns. 

The approach to a U-distribution in the nature-nurture ratios 
found by Cattell et al. (1955) suggests that at this degree of re- 
finement factor analysis is already finding some factors which are 
largely hereditary and others which are largely environmental, as 
would be required by the original theory (Cattell, 1946), if the 
results were blurred by some random error. Two other areas of 
factor analytic research have recently come up with results con- 
sistent with this theory. One is the factoring of objective motivation 
measurements, where patterns fall either into drives (operationally 
redefined as ergs) on the one hand, and learned sentiments on the 
other (Cattell, Radcliffe, & Sweney, 1963; Cattell, Horn, & Butcher, 
1962). Another is ability measurement, where it is now claimed 
that what was considered a single general ability factor is actually 
the overlap of a genetic fluid general ability and an environ- 
mentally crystallized general ability factor (Cattell, 1963a). 

Thompson (1957) and the present writer (Cattell, 1946) have 
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speculated that since a gene is a causal influence and usually shows 
pleiotropy (i.e. simultaneous effects on several characters), it 
would appear as a factor if those several characters were measured 
in a number of unrelated individuals and correlated. Any techni- 
cally satisfactory discussion here would require more space to de- 
fine the factor analytic concepts of variable density, factor order, 
and simple structure rotation. However, the variables in a factor 
analysis for this purpose should be more numerous than are the 
genes. Except where special foreknowledge enabled us to select 
just those variables appropriate for a particular gene we should 
need to enter literally with thousands of variables—and the biggest 
computers can now ‘handle little over a hundred. What we have 
been obtaining as distinct “constitutional” and “environmental 
mold” factors in certain studies mentioned previously have been 
(for each of the former), almost certainly the results of a whole 
Series of genes acting cumulatively on a particular phenotypic basis 
of behavior, not single gene actions. 

Another speculation in this area is the possibility that one would 
get a single factor for all environmental influences and another for 
all hereditary ones. This is highly unlikely, for whereas environ- 
ment might act more powerfully for one individual than another in 
a particular trait, it is difficult to imagine that one person gets 
more exposure than another to environment as a whole. Another 
model and method proposed by Vandenberg (1965) is what I 
might call Comparative Intra-Pair Factoring. Here one takes, on 
the same n variables, the differences for a series of identical twins 
(experiment A), and for a series of fraternal twins or even sibs 
(experiment B). A factor analysis of experiment B should yield 
those personality factors which we have suggested as raw material 
for the MAVA design. Factoring of paired differences of any two 
persons should yield the same factors as factoring single individuals 
‘ but with the variance reduced). 
would contain the factors due to both he- 
as the intra-identical twin 


on the same variables ( 

The intra-sib variance 
reditary and environmental sources, where 
factors must be purely environmentally determined. If personality 


factors can indeed be readily divided into “constitutional” and “en- 
vironmental mold” sources, as the present writer's theory (Cattell, 
1946 ) required, one could get a clear separation of such fac- 
tors by cancelling from the former list those which appear in the 
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latter. But if, on the other hand, the factor model is one in which 
the factors obtained in ordinary R-technique are dimensions of the 
phenotypy—essentially surface trait patterns representing the com- 
bined shaping of hereditary and environmental influences—then 
one would obtain from this method the same ratios (from compar- 
ing the size of the same factor in the two series) as by the MAVA 
method (except for distinct within and between family values). 
A rough approach to this problem has been made by Freedman 
(1958); but real evidence on which of the above two models is 
more appropriate must come from the research of Vandenberg, of 
Loehlin, and others. It will be awaited with considerable interest 
as a possible cross-check on MAVA designs. 

At this point, let us pause to see what the implications of the 
above models may be for the general use of factor analysis in psy- 
chological genetics, and for the relation of factor analytic to MAVA 
methods working with factors already located in ordinary R-tech- 
nique. The first model—distinct hereditary and environmental mold 
factors (corresponding to learning influences from social institu- 
tions )—is so simple as to require no further comment. The second 
is more complex, for it supposes that the variables loaded by 2 
factor are the expression of something which itself is determined 
partly by heredity and partly by learning. Further, it supposes that 
each of these influences is the sum of many smaller particular in- 
fluences, each one of which can operate on more than one factor. 
For example, on the genetic side, a certain enzyme-determining 
gene may simultaneously add an increment on intelligence (U.I. 1) 
and on cortertia (U.I. 22). And, on the environmental side, a strict 
mother might simultaneously contribute to superego strength (G 
factor) and desurgency (F(—) factor). 

With the rapid progress made in locating second and higher or- 
der factors in the last five years one can inspect certain results to 
see if they fit these interpretations. In certain instances, they at 
least fit the notion of second order factors being either environmen- 
tal or hereditary. For example, the second order factors FIV (1a- 
beled Ardor) from objective tests seem largely hereditary, and the 
second order questionnaire factor Exvia (extraversion) may load 
the primaries A, F, H, and Qs in a pattern consistent with the 
hereditary component in each of the latter (Knapp, Cattell, & 
Scheier, 1961; Pawlik & Cattell, 1964; Gorsuch & Cattell, 1965)- 


HEREDITARY AND ENVIRONMENTAL INFLUENCES 123 


Contributions to Learning and Maturation Theory 
From Comparative Use of the MAVA Design 


Speculation about the interaction of learning and maturation 
has been rife, e.g., in Hunt's recent examination of Piaget and oth- 
ers in Intelligence and Experience (1961), but impotent for lack 
of methodology. An attempt has been made to develop concepts 
analogous to those of Piaget which will tie into operational analy- 
ses, The definition of “aids” offered elsewhere (Cattell, 1963b) pro- 
vides a means of investigating in humans both those imprinting 
phenomena observed in animals and the qualitative observations 
made by Piaget; see, for instance, Piaget and Inhelder (1956). 
With animals one can withhold a learning experience and apply it 
at different and “unnatural” periods to compare the progress made 
(Hess, 1959). But with humans, the only feasible approach now is 
to apply the MAVA method in coordinated studies at several 
age levels and compare the hereditary and learning variances pro- 
duced at these different levels. In this way such theories can be 
tested experimentally. The chief comparative designs to test inter- 
action of learning and development include the following: 

1. Comparison of abstract variances and correlations from 
MAVA experiments deliberately designed so that each experiment 
selects one type of upbringing, e.g. disciplined versus “progres- 
sive,” strong father influence versus weak (or family raised by 
widow), upper social status education versus lower social status, 
religious sub-culture A versus B, and so on through those parame- 
ters which psychologists and sociologists have asserted account for 
within family and between family variances. 

2. Comparisons of MAVA values for pairs sampled from differ- 
ent types of family constellations, e.§-, large families versus small 
families, families from early and late marriages, pairs of sibs with a 
large age gap versus those only a year apart, sibs with high simi- 
larity versus low similarity of parents, the two youngest children 
versus the two oldest children, and so on. We may also include sex 
difference effects. All those MAVA designs which employ identical 
twins to give one of the family constellation equations imply use of 
Same-sex pairs throughout. By using lequaions not involving identi- 
cals, comparisons could be made of variance ratios with and with- 
out identity of sex. (Even with same-sex pairs the effects of being 
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embedded in an all boy or all girl versus a boy and girl family 
could be investigated. ) 

3. Of special importance for developmental studies are com- 
parisons from matched MAVA experiments in which only the age 
of the pairs differs systematically. A rich range of inferences could 
be drawn from systematic plots of the four variances and the inter- 
correlations over the whole human age range. Presumably, the 
between family environmental variance for most traits reaches a 
maximum at the age of dissolving the parental family ties but it 
may continue to show some significant effect throughout adult 
life. If space permitted, some analysis would be made here of the 
expected relations of variances at a given age, as a cumulative 
learning effect, to variances obtaining over earlier ages, under var- 
ious learning assumptions." Presumably, the relative contributions 
of heredity and environment with age will prove to be very dif- 
ferent for different kinds of ability and personality traits. 

4. In the above designs the obtained differences in variance con- 
tributions and correlations can be related to measured independent 
variables for the groups compared. This can be illustrated in the 
last design now to be considered—the comparison of MAVA values 
for persons of the same age, etc., in different cultures. (A study is 
now is progress in which Professors Tsuijioka in Japan, Pawlik in 
Austria, and Cattell in the United States are coordinating compari- 
sons using the same objective test batteries for the same ten 
personality factors in the three countries.) Since measurable di- 
mensions of cultures have now been discovered and checked (Cat- 
tell, Breul, & Hartmann, 1952; Cattell, 1961; Gorsuch & Cat- 
tell, 1965), it is now possible to relate environmental personality 


°'In this connection we must question the widespread assumption that indi- 
vidual differences (deviations) which manifest themselves with greater magni- 
tude earlier are more genetically determined than those appearing later. On the 
most likely basic model—that each year is a random sample from a population 
of possible life experiences [but assuming all persons draw from the same uni- 
verse and that one year’s choice of adjustment paths (Cattell and Scheier, 1961) 
does not predetermine the next], the longer a person lives the closer his sample 
of environmental experience is likely to converge on the central population 
value for total life experiences. Consequently, both because of this more 
idiosyncratic character of earlier experience sampling, and because of the 


greater effect of early imprinting, the role of environment, relative to that 
of heredity, should be greater in the earlier years. 
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variances to culture patterns quantitatively, and similarly, to ge- 
netic ranges, measured as independent variables using blood 
groups, eye color, etc. Enough instances to yield dependable cor- 
relations would require coordinated research over many countries, 
but data from three or four cultures would guide in future meas- 


urement concentration. 
Summary 


The aim of this chapter has been: 
1. To re-state briefly the essentials of the MAVA method. 


2. To show how it can be developed with the additional as- 


sumption of interaction effects. 
3. To ask how far one needs to proceed beyond the “limited” 


set of equations in order to solve for all reasonably likely heredity- 
environment correlations. 

4. To illustrate the nature of the linear and nonlinear associa- 
tions of hereditary and environmental effects in psychological and 
sociological terms, analyzing them as (i) genetic, (ii) environmen- 
tal, and (iii) common causes of association. ; 

5. To show how comparative use of MAVA designs can pro- 
vide, via biometric and population genetic methods, an avenue to 
discovering Mendelian genetic mechanisms. 

6. To show how such comparative use can elucidate the sources 
and modes of action of environmental influences, allocating frac- 
tions of the total environmentally produced effects to any one 
source. In both (5) and (6) the method permits conclusions about 
heredity and environment as independent variables which are ob- 
tainable from animal experiments, but otherwise unobtainable with 
humans. : 

7. To explore the relation of MAVA results to factor analytic 
models and methods of genetic research. In particular, compara- 
tive intra-pair factoring and the MAVA methods are examined in 
the light of two alternative possibilities: (a) that factors will ap- 
pear as distinct “constitutional” and environmental mold source 
traits, and (b) that factor source traits will emerge as phenotypic 
dimensions each combining environmental and genetic effects. The 
two methods can be used as mutual checks. 

8. To explore models involving higher order seg pres- 
ent factor techniques yield only the phenotypic dimensions (of 
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composite h and e origin), then a model is indicated whereby 
genes and distinct environmental influences should appear as sec- 
ond order factors. However, because genes are extremely numer- 
ous, it may be practically impossible to locate them, due to in- 
sufficient numbers of primary factors. Conceivably factors will be 
obtained which are blocks of genes or cumulative gene effects 
on some primary factors. Instances of this may exist already in 
questionnaires in the second order Exvia factor and in objective 
tests in the second order Ardor factor (FIV). 

9. To show how a basis for inferences about more complex ge- 
netic and cultural mechanisms can be provided. If the organi- 
zational difficulties of extensive comparative studies could be over- 
come, the MAVA method, by setting up matrices of results for 
various age levels, types of family constellation, cultures, racial 
variabilities, and types of family upbringing could provide a basis 
of inference for genetic and learning theory, particularly on the 
interaction of maturation and learning. 

10. To evaluate the standard errors of the estimated abstract 
hereditary and environmental variance components, without which 
research design cannot plan for the necessary sample sizes. A be- 
ginning in this direction and was made earlier (Cattell, 1960, 
p- 366) as follows: 


2h? no, 


Ny — 1 


(7) 


where o? is any abstract variance (e@.g., oc), the k’s are the nu- 
merical coefficients of the observed variances in the equation for 
the solution for the abstract variance, and the n’s are the sizes of the 
various observed subsamples (twins, sibs, etc.). However, if, as 
subsequently proposed, the measured variance on any factor is 
corrected by subtracting from it the error estimated from the 
reliability coefficient for the given battery, o2(1—r), then the 
error variance of the latter term must also be included, and 
the terms in (7) become: 


2h? 04, (1 — rv)? 


md , ete. 


Secondly, if the standard error of the ratio of variances is to be 
determined (to allow a nature-nurture ratio), one must correct for 
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the presence of common terms in numerator and denominator, as 
follows: 
(o*,)* (so 2 Covar o%,0°, 


~ (9)? 


in which R is the ratio and o7, and o*, are the o7y¢ Or 07 above, 
or the combination thereof, derived from the concrete variances. 
This approximation’ neglects higher powers of the ratio, and un- 
fortunately compels us to accept our obtained o°g#,/*,2, as a sub- 
stitute for the unbiased estimate required in the first two terms on 
the right. However, the magnitude of error introduced is small 
compared with the older formula which neglected the common 
variance in numerator and denominator. This modification narrows 
confidence limits to an acceptable range for a sample size of about 
250 cases in each of the family constellation types, instead of the 
1000 previously required. But, since the empirical variance estimates 
in the ten equations solution (Cattell, 1960, p. 362) from the within 
family sib variance and the between sib family variance must be 
experimentally independent the above formula still requires meas- 
urement of 10 < 250 = 2500 pairs of children. Fortunately, as equa- 
tion (7) indicates, a shortage in one category can to some extent be 
made up by greater numbers in another. Thus one might use only 
100 pairs of twins or sibs reared apart, and several hundred pairs 
in such accessible groups as sibs normally reared together. 

In spite of its technical promise in solving problems otherwise 
unsolvable the method makes demands on funds and fortitude. But 
if behavioral science—and with it behavioral genetics—is to come 
of age, the necessary steps to more ambitious research organiza- 


oR (8) 


o*a76 o*,0", 


tion must be pursued. 
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Discussion 


Nichols: One specific question before we start the discussion. In eatin eer 
I didn’t get whether you had taken into account that some of these empirica' 
variances might differ with the nature of the group? Let me put it this iia 
is it possible that families who would put a child up for adoption have a 
smaller variance, than for instance families that would have identical twing, 
so that this may be another influence on these empirically determined values? 


Cattell: As the design stands what you mention is another influence. If, ag} i 
suggested rather early, one designed this ideally by equating different — 
groups by some common social parameter, of course, we hope to get rid of it. 
Vandenberg: Could you repeat your estimate of the sample size needed to re- 
duce the variance of the variance to some reasonable value? 


Cattell: Yes, we made some estimates of that, and as I have indicated here, it 
looks as if we would need something like 2500 pairs of children spread across 
ten types of family constellations, 


Vandenberg: For the whole design? 


Cattell: Yes, That is, taking each of the different groups in all we'd need 
2500 pairs, and the testing we did last time was of about 4 hours’ duration, 
consisting of ten personality factors and the intelligence factor, so it’s a pretty 
formidable bit of organization. 
Lasker: When you get multiple pairs in the same family group, does this Bre 
vide some economy, or does it introduce new difficulties, and lack of statistical 
independence? 

Cattell: Yes, it does reduce 


your degrees of freedom. The within and between 
variances should be experim 


entally independent. 

Lasker: Some loss of degrees of freedom might not harm too much. 
Cattell: Yes, I had the good fortuni 
years ago and his argument w. 
convenient, but reducing the degr 


Lasker: Can you calculate the exact loss of degrees of freedom involved in 
using some members in these families twice? 


to discuss this with R, A. Fisher four 
as in favor of doing this, because it was 
ees of freedom proportionately. 
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Cattell: I think so, yes. I think it operates mainly on the degrees of freedom 
in the family mean in the group. So that could be done, but in practice this 
Tuns into another problem, namely that we want children of approximately 
the same age. In the past we have taken 11, 12, and 13 year olds, measured 
them, then knowing the normal rate of change with age of these personality 
factors, we've corrected them all to the 12.0 year old level, before we've 
gone into the analyses. Now if you wanted to take more children from the 
same family you would have difficulty in getting them anywhere near the 
age level you are dealing with and the correction would be greater and there- 


fore rather suspect. 

Harris: I must confess I’m not familiar enongh with your previous work on 
this, but I did have a couple of reactions as we went through this. First let 
me say in general, I think that what you are trying to do is generally what 
We are trying to do in biometrical genetics, obtain a parametrization, or model 
if you prefer, for describing these observed variances in more basic, more ab- 
stract, as you call it, variances. And, as far as the genctic portion, you haven't 
gone as far as the sort of thing I was talking about. Maybe this is as far as 
you should go at this stage. You seemed to be quite concerned about this be- 
tween and within correlation and I fail to see the reason for concern about 
that. By definition your within-family deviation will be orthogonal to your 
between-family variations, and it seems to me that the examples you were 
suggesting wouldn't lead to a correlation, as for instance when you said some 
families would treat the offspring more similarly or less similarly. It seems to 
me that the consequence of that is going to be having heterogeneous within- 
family variations. In some family there'll be more environmental variation and 
in some less, and your assumption seems to be here that these are the same 
so that you would have homogeneous within-family variations, but the exam- 
ples you were suggesting seem to me to lead to heterogeneity of variance 
rather than to between and within correlations. 

Cattell; Well, yes, this is right at the heart of the problem, and I would 
very much like to delve into this just because it gets bypassed completely in 
the usual discussion of ordinary analysis of variance, which is actually ir- 
relevant here, I think you'd agree that although normally you cannot have 
correlation of within-group deviations with between-group deviations, but now 
when we're dealing with hypothetical causes and with these “abstract” contri- 
butions rather than the total variance, the possibility arises that we do have 
such a relation. Let's consider perhaps a particular case, maybe let us take 
the incidence of affection as an example. If we say that more conscientious 


or well-informed parents, or parents offering greater affection would also dis- 
venly, than would families which are low in af- 


tribute their affection more e a ; 
fection, the individual differences are going to be greater in the latter than 


they are in families high in affection, is that all right? The deviations from 
the mean of the sibs will be greater in the family say of low affection which 


heglects one sib and favors the other, than in the more emotionally stable 
affection equally. This, however, would 


family which tries to distribute their : , 
ar relationship, and this seems to me to 


be U shaped, this would be a curviline 
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i ertai: ou 

the issue, whether you could get a nonlinear correlation. ae cia 3 : 

have onlinear correlation in this Fig. 1 on page 106. he a nape 

could get ee ae large amount from the mean are greater if his aenily i 

cages — ie family mean is low. This is producing a ts arse ae 
ee ‘Now if we get a straight linear correlation, I presume we 


i irection at the lower 
want to argue that the deviations are more in one direction 
level. 


i ve a_ correlation, 
Harris: It seems that your argument is that we will rs Ss See 
linear or nonlinear between the within-family variance ee the ‘ ce 
but the quantity you are talking about here is a er ee pe eccoheit 
family mean and the individual values within the family. tes ee 
deviations this correlation mathematically has to be zero. Or = i . pas 
zero correlation between the between and within components, ce wt 
onal. Of course, when you break the between into the H an he Bias 
break the within into the H and E part maybe there could be aes sea jin 
ing relation such that the over-all relation still is zero, but where : ane 
have some relationship within each half which cancels each other ou 


q ? 
Cattell: The diagrams on page 106 are, of course, deviations, are ‘i se 
They are not variances, they are plotting the deviations of sao S pasie 
deviations of their families, ie. the individual deviations from the sites 
mean, against family deviation from the mean of all families. I — ae 
doubt that the deviations could be so related, the question would be w _ 
the variances are therefore related. I think ] see your point here, that i Ba 
take the upper lefthand corner in the diagram, the deviations of the betw i 
environment are as great for, say, one standard deviation above as say as 
standard deviation below. So the high variance groups in families, as such, 


will be composed both of very high deviation individuals and low devia- 
tion individuals, i.e, 


a curvilinear relation, Now we are saying that the families 
which deviate highly in the positive direction will contain an excessive num- 
ber of individuals deviating a good deal from the f, 
families which devia 


amily mean, and_ that 
ite a good de 
ple who, as in 


al in the negative direction will contain aie 
dividuals, will deviate less from the family mean. We eae 
families into those of large variance and those of small variance and we sa 
shall we say, drawing a line across diagram C, then if we have a group ¢ 
families which have a large variance, they will cont 
either very large or very small deviations, 
Harris: Yes, I think I agree with 
stood you to be talking about in the riw term, OF roa.we term, 

Cattell: What sort of plot on this thing would you feel would generate a linear 
association for example, an roy. y,? 

Harris: Well, let me 


the jth member of the ith family, then it 
is the over-all mean plus the deviation of the mean of the ith family from 
the over-all mean, plus the deviation of the jth member from the family mean. 
That is just an algebraic identity, and of course, what you’ve done here; 


AREER é ave 
ain individuals who hav 


that, but that isn’t the quantity which I under- 


Present it this way. If we let X be the observation of 


is just algebraic identity that this 
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you've gone on to break this into a hereditary portion and an environmental 
portion in the same way. But just considering it as the classification model 
with which we might go into an analysis of variance, you cannot get corre- 
lation between these within-family deviations and the between-family devia- 
tions. 

Cattell: This, of course, could be pursued advantageously much farther. The 
question is whether when you pull out these abstract contributions they need 
behave the same way as concrete sample variances. That has been at least 
my line of thought so far, that these abstract deviations could behave differ- 
ently from the final emergent concrete measurement variances. 

Harris; Well, when you break the covariance into four parts, these four parts 
ight have some positive and some negative in 


have to sum up to zero, You mi 
ation between the within and between family 


some way, but over-all the correl 
variances mathematically has to be zero. 

Cattell: I think I agree. When you break each of those down into their 
hereditary and environment components, the correlations of components must 
be reciprocal in direction magnitude so that the whole thing goes out. Inci- 
dentally, I am not talking about differences of sample and population parame- 
ters, but about the difference, both in sample and population of abstract and 
concrete variance relations. 

Harris: Yes, you could get a plus two, minus one, plus one, minus two, for the 
four parts of this, over-all they sum up to zero, but each one of them indi- 
vidually might not be zero, and this is just a guess but over-all they have to 
sum to zero, But I'm a little vague as to what sort of forces could cause this. 
I don’t think the ones you describe would cause this. 

Loehlin; Isn’t it implied with this model that if you get some within and be- 


ositive, you must get others which are negative 


tween correlations which are P' 
to exactly balance? 

Cattell: Yes, that is definite’ 
to sit down and go over them care 
Harris: O.K. 
Gottesman: I have 
which we attached in genetics in 
ogy, how is it that parents have 
any way in which twin family s 
comings in the twin study, and bi 
that you treat with the MAVA method? 
Cattell: This would be desirable, but so f 


the child-parent difference because the parent's environment belongs to an 
with refinement, I believe it would be possible to 


earlier family. However, © . 
Zenerate a formula for the common amount of environment, and certainly for 
common heredity. But there is also the practical difficulty of measuring par- 

instruments. That frightened us off in the 


ents and children on comparable z 
very beginning, so we haven't explored the model further. I think there would 


Jy shown in my formulae. It would be worthwhile 


fully to check the balance. 


a more general question. Considering the importance 
general to parent-child relations in psychol- 
not found a place in your scheme? Is there 
tudy could compensate in part for the short- 
e closer to helping solve the kind of issues 


‘ar I have seen no way to include 
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also be problems about the amount of common He aaa of ees 
children, in that the children have shared the environment from Petree 
ning, but the parents haven't. When you talk about a certain : ie 
environmental variance, this degree of variance has applied to the c 3 


ee Bee: 
it has only applied to the parents recently and therefore it would be excee' 
ingly difficult to bring into the same scheme. 


Gottesman: If some particular trait has a high genetic loading, then you pe 
expect that environmental effects would be minimal on that, and you wou see 
pect higher parent-child correlations on those kinds of characteristics; so yo 
might find something to look at more closely. 


Cattell: Yes, in a rough way this relation is true, though the model needs work- 


ing out. If we could overcome the practical difficulty of measurement, I think 
it would be very interesting to introduce this. 


Gottesman: If you really believe that something like the HSPQ is a pie 
version of the 16 PF, then you ought to be able to substitute standard score: 
on HSPQ into parent’s tests, 


Cattell: Yes, in respect to measurement we are rapidly moving into a much bet- 


at all age levels. It’s this difference in length 
hat is our real problem. Incidently, I see as one 


h the examining of the nature-nurture ratio at 
One age, say at 5 and again at 10, and from a comparison of these results a 


whole new set of inferences could become possible about periods when matura- 
tion is more important and when it is less important. A whole lot of questions 
that we are talking about are mentioned in Hunt’s recent book on “Intelligence 
and Experience” (1961) in which there is a lot of discussion of this interaction 


of maturation with the environmental effect, Unfortunately, Hunt, Piaget and 
other theorists develop 


no method for treating it Positively, and the MAVA is, 
as far as I can see, the only way that we can get at it—by finding these vari- 
ances at different ages, 


Nichols: The MAVA desi 


method as a means of determining nature 
Kind. So it se 


i ems appropriate to ask ¢ 
yield sufficiently more accurate results to y 
effort. And it r 


gn is I suppose an alternative to the twin study 


“nurture ratio, or something of this 
he main question whether it will 
make it worth the considerable extra 
€ very difficult to get, such as identi- 
oubtful whether you will ever get a 
ariance on these, so the question arises 
in the twin study method are more seri- 
hat are inherent in the MAVA design. 


trors that are inherent j 
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However, in answer to your main point, it is surely important to bring out 
that the MAVA is not merely more accurate. One might be unwilling to pay 
the price indicated if it were only a question of accuracy. Instead, it is a ques- 
tion of whether you get certain kinds of information at all from the twin 
method. The latter merely gives you a within-family variance ratio: the 
MAVA method doubles the information, giving you between-family variances 
too. Moreover, even the within family environmental variance is odd in the 
case of twins. You deal with a within-family environmental difference that is 
quite specific, I believe. At least I think that we should assume that it’s a spe- 
cific kind of environmental difference between two twins, until it is proved to 


Until we find that the two values—o*we for sibs and o*we’ for twins 


the contrary. 
are different. My argu- 


will work out the same, we ought to assume that they 
ment in favor of the MAVA method would be that in most of the situations 


in clinics and schools and so on, where genetic evidence would be useful for 
some practical conclusion, what we are really interested in is the normal within- 
family variance, not this twin oddity. 
Vandenberg: Well, my comment would be addressed to a different point. I 
think that really whether or not the two methods are getting different accuracy 
or different amounts of information is perhaps not of serious concern, because 
neither of them are going to give us genetic mechanisms. I think the twin 
method or the MAVA method can only lead to preliminary results, which then 
have to be followed through in pedigree studies, and there is a terrific differ- 
ence in economy. I don’t think that it is too important to know whether it is 
80 or 70% as long as we don’t know the exact genes, this is still an unsatis- 
factory answer, and even if the results might be, in some sense, more accurate, 
I think that the ordering of variables, as to how important hereditary compo- 
nents are for them, is not going to be changed very much, and that’s all we 
want, an ordering so that we know that these are the variables which we want 
to investigate by other means. Secondly, I think, you: are assuming that the 
Measures which you use are close to the more basic differences that may be 
controlled by genes. I think that it may be more important to work on what I 

that they will be closer related 


earlier called “purification” of the measures so ey | 
to real genetic variables. Perhaps this has a higher priority than to take some 


of the existing measures even though they may be pretty good, to see how 


much genetic variance there is in these. 

Cattell: May I comment separately on what seem to me two very different 
Points there. My own paper has indicated one avenue to proceed from MAVA 
Tesults to genetic mechanisms but I would like to ask what is the best use we 
can make of these obtained ratios, or variances. (Let’s speak of them as vari- 
ances for the moment because the ratio is only the last stage.) As I followed 
Dr. Harris here, he seemed to be rested in between-half-sib 


particularly inte 
and between-sib genetic variances, as a means of working toward a certain 
Mendelian mechanism. Certainly it would seem that you would need more than 
ne variance to do this—more than the within-family hereditary variance—and 
would it not be true that the MAVA method in that way 


constitutes a wider 
Platform than the twin method findings for your take-off into the next stage? 
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; e the is as 
Harris: Yes, I think so! First let me say that I don’t pee = pein oe 
great a difference between your method and the vin met! _ - ‘sik co. 
gested—the point is, in order to get a solution to your equi ete vey Reis 
have more observed variances than you have parameters in you! ogi aay 
twin study, they are restricting themselves mainly to two parame oF rae 
merator and the denominator of the Holzinger ratio. Now you are g sheets 
wider set of different values. The question is, do we pour all ot our res 4 
into looking at these two quantities, or do we pour all of ou oe =a 
mating your eight quantities? Certainly for the Patamel res Gn) elie 
scribing, if we did have a nice random mating population—just as a yor es 
cedure, in order to estimate sigma squared A, sigma squared B, ete. i may 
to have more values, which would be more of your genetic bats Saoniegh : ie 
ance here, than we have terms on our MAVA. Well, if we assume tha “ 
number of the loci is quite large, we have a tremendous number of ype 
the expansion I was describing. This parameterization is very good for ms a 
ing covariances between relatives, but it is very difficult when we start try ‘si 
to estimate the individual terms in there, because we need a tremendous gee 
ber of covariances in order to estimate those. Optimistically, we might hope i 
the world is simple enough that these high order terms are zero, or negligi : 
small. To be able to verify whether this is true, we need to see from a set 0! 
observed values how well just the additive variance explains the data, how well 
additive variance with dominance added fits the data; and go on up on an i 
creasing scale till we are successful, hopefully with not too many terms. O: 
course, if you have eight values and pick out eight terms out of this model, 
you can get a perfect fit, but you’re not sure that if you had used more values 
you would not have needed more terms in this Partitioning of the variance. 
In order to get very far with this method, you have to have more observed 
genetic covariances between relatives or variance components, then there are 
values contributing to these covariances between relatives, Then you can jus- 
tify that the model includes one locus and effects and two locus interactions and 
that higher order effects are small. Unfortunately it takes as many terms as we 
have covariances to fully explain differences among observed covariances be- 
tween relatives, and by your procedure of getting more of these quantities, i.e. 
by looking at more different types of relationships, you can come closer to re- 
lating this to the sort of parameterization that I was discussing. Whether you 
ave enough terms can only be seen by relating the data to the model. 
Cattell: Another point of difference in these metho 
of the correlation term and the 
If you are assuming that hered 
twin values for the r: 
not? 


ds, of course, is the omission 
possible interaction term from the twin analysis. 
ity and environment are really correlated, your 
atio of these two variances are going to be wrong, are they 


Vandenberg: We are not assuming th 
the correlation in with the hered 
you can toss it in with 
you would use. 


‘at there is zero correl, 
itary y: 
heredity or with 


ation, we are tossing 
ariance, I guess you can do it two ways, 
n environment, depending on the formula 
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Lindzey: This comment does really point to the crucial advantage which the 
MAVA method would have, since it does offer the possibility of dealing system- 
atically with genotype-environment interaction. But then that also comes back 
to Nichols’ question about the nature of the groups that would be involved. It 
seems to me that the failure to include the identicals reared apart introduces 
a major flaw in the attempt to estimate this genotype-environment interaction, 
because we have compelling reasons and very good data to support the notion 
that heredity and environment are most contaminated in the case of the identi- 
cals, in identicals reared together, so without identicals reared apart you lose, 
it seems to me, a major analytic hold in the attempt to get a good estimate of 
genotype-environment interaction. 

Cattell: But if you look at the full MAVA design—that is, at the eleven equa- 
tions, I think you'll see that you could throw out twins altogether and still get a 
solution. But you’d have to make certain simplifying assumptions. A further 
thought on Harris’ point suggests that if he is right we could throw away what 
might be called the additional “nuisance 1's.” In that case the situation is actu- 
ally brighter, because we could then solve, I'm sure, for the four variances 
and the two correlations, without having twins in the picture at all. It helps to 
have another equation, but I think the peculiarities due to twins, whatever 
happens with twins, could be avoided. If you recall, I think, Barbara Burks 
searched the length and breadth of the States and came up with nineteen cases, 
so that’s a pretty hopeless group to look for. 

Harris: I’d like to bring to your attention a paper which came out a few 
months ago in Biometrics, doing a similar sort of thing to what you are doing 
here. Here you have written out on the righthand sides the expectations of 
these observed covariances and you are getting solutions by equating and solv- 
ing. Now you are likely on some of the covariances to have more data than on 
others, and so some of these are more accurate. A procedure by Hayman (1960) 
was described in Biometrics for doing this sort of thing, using weighted least 
squares procedure, where you account for the greater accuracy of some of your 
estimated observed values than others and it turns out to require an iterative 
procedure, but it gives a little more weight to those quantities for which you 
have more accurate observations, which I think would lead to an improvement 


in your procedure. 
Cattell: Yes, I am very glad to hear of that. In my paper I wondered if there 
was any way we could use different size samples with advantage. Because 
inevitably some constellations come in quantities and others trickle in. It is 
possible that this type of research would be even better carried out in some 
other culture in which certain family relationships are more prevalent than 
our current ethic allows. I understand, for example, that in Japan it is quite 
easy to get an appreciable number of half-sibs on either side of the family, 
age, and I think it was Newton Morton who 


which are roughly the same i ; 
suggested to me that it would be worthwhile to translate all the tests into 
t these cases! 


Japanese just in order to be able to ge 
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Harris: But the difficulty in that is, as I pointed out, that ae — 
are dependent upon gene frequencies; if these other ee - rod e: 
different genetic structure, where you are going to have a — 
values descriptive of that population, than the other —— ea Shes 
interested in. In some of the other species some of these heritabilities 


ich is ni i ink that 
been similar in different populations, which is nice, but I don’t think 
we can always expect that to occur. 


Gottesman: Do you think that all trait measures which we use in cnr ee 
genetics should ‘be corrected for attenuation and unreliability before p a 
them in the various formulas, or should we play it straight the first time a 
then correct it and see what happens to the indices? 


Cattell: Well, we have done the former, i.e. taken the reliability of ne ni 
ure and allowed for that part of the variance which comes from unre! ia! feta 
and I rather favor that. I don’t think that I can give more than an ~~ : 
reason for doing it that way. It’s tied up with the question just raised abo 


as avoring 
unequal numbers in different groups. Do you see any reason for favoring 
the other alternative? 


Gottesman: Well, when you start to correct for a scale that has low meen 
you then may be giving yourself a false sense of security. I've epee 
scales after looking at the uncorrected version and for the least reliable scales 
T get my biggest changes in the final picture. In other words, if something 
looks like it has high heritability without correcting for unreliability, then when 


I correct it may have even higher heritability or lower heritability. I don’t 
know what kind of inte 


tpretation to make of the different heritability that 
would come out of it. 


Cattell: Couldn’t one use the argument that 
how much of the vari pi 
nothing? I think that sti an just letting the unreliability 
stay in. Another questi is, if I may raise it here, concerns the 
distinction between the fluctuation of traits and the unreliability of instruments, 
as such. We have evidence that one of our 16 PF and HSPQ traits: surgency- 
desurgency (which is care-free, happy-go-lucky versus very sober, careful and 
exact) certainly fluctuates, Knowing the immediate test-retest reliability of this 
measurement on 16 PF and HSPQ and the stability coefficient from retesting 
people over longer inter nclude that this personality trait fluctuates. 
For example, S on two occasions of say 1 or 2 months 


ut .6, ie. people go up and down on this 
©, and with other circumstances, Then the 


vals, we co: 
in correlating value: 
apart, the correlation is only abo 
dimension, with alcohol for exampl 
question becomes, are you includi; 


stimate of the nature-nurture 
at about 95% is environmentally determined. Now that 
environment, since we tested them only once in this particular study, includes 
and in our concept of 
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level, we want to know how much that fixed level, at that period of life, is de- 
termined by environment. So that our operations are closely tied with our con- 
cept of what we mean by environment, and perhaps we should define it at two 
distinct levels. (This investigation of methods was supported by Public Health 
Service Research Grant MH 01733 from the National Institute of Mental 


Health. ) 


An Ethological Approach to the 
Genetical Study of Human Behavior 


Daniel Freedman 


The fields of animal and human behavior-genetics are charac- 
terized by what seem to be arbitrary interests in a variety of pheno- 
types. In human work the exceptions that come to mind are 
investigations of intelligence and research with specific medical in- 
terests, e.g. schizophrenia. As for other behavior, a heterogeneous 
collection of phenotypes has been shown to be under partial ge- 
netic control (see Fuller & Thompson, 1960), and it is hard to see 
how these various traits, e.g. personal tempo, endothymia, com- 
mention, cyclothymia, or even extroversion-introversion can form 
building blocks for an adequate theory of personality (Freedman, 
1961la), From our experience (see Table I), it seems very likely 
that this list will soon become inordinately long with little improve- 
ment in usefulness. What is needed is a theoretical guideline ca- 
Pable of specifying which phenotypes are of fundamental impor- 


tance and which are not. 

Such a powerful theoretical guid 
used in either animal or human be cess 
ogy and its underpinning of evolutional thinking. Ethology is 


clearly the most virile movement in animal behavior, although its 
introduction into American Psychology has been slow, often via 
Zoology, However, more and more animal studies are now ap- 
pearing which are concerned with the evolutional function (survi- 


val value) of behavior. 
On the other hand, the 
of human behavior are almo: 
Teason for this. My psychologist 
Somehow they prefer not to let it 
141 


e is ayailable, but has yet to be 
havior-genetics. I refer to ethol- 


effects of evolutional thinking on studies 
st nonexistent. There seems to be no 
friends believe in evolution, but 
interfere with professional think- 
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TABLE I se 
yEY \DIVIDUAL ITEMS)* 
Nancy Baytey Inranr Benavior Prorite (Survey or INprvipuaL 


Pp 
; 005 
1. Social orientation: responsiveness to persons. se 
(1) Does not modify behavior to persons as different from objects. 
(9) Behavior seems to be continuously affected by awareness of per- 
sons present. . 65 
. Object orientation: responsiveness to toys and other objects. : 
(1) Does not look at or in any way indicate interest in objects. 


(9) Reluctantly relinquishes test materials. 
3. Goal directedness: 


(1) No evidence of directed effort. 
(9) Continued absorption with task until it is solved. . 
4. Altention span: tendency to persist in attending to any one object, a 
person or activity, aside from attaining a goal. ‘ 
(1) Fleeting attention span. 


(9) Long-continued absorption in a to 
5. Cooperativeness: ( 
6. Activity: inactive. 


i) 


y, activity, or person. 
Not relevant most of first year). ie 
vigorous. Nes: 
(1) Stays quietly in one place with practically 
movement. 
(9) Hyperactive: can’t be quieted for sedentary tests. 
6.1 Activity: level of energy (low to high). N.S. 
6.2 Activity: coordination of gross muscle movem 
functioning to Poor coordination). 


no self-initiated 


ents for age (smooth 


N.S. 
6.3 Activity: coordination of fine muscles (hands) for age (smooth fune- 
tioning to poor coordination). 04 
7. Reactivity: the ease with w 


hich a child is sti 
sensitivity or excitability. (May 
(1) Unreactive; seems to p 


mulated to response, his 
be positive or negative in tone.) 04 
ay little heed to what goes on around him. 
Responds only to strong or repeated stimulation. 
(9) Very reactive; every little thing seems t 
reacts quickly, seems keenly 
him. 
8. Tension: 
(1) Inert, may be flaccid most of the time. 
(9) Body is predominantly taut or tense. 
9. Fearfulnes: 


uness: (e.g., reaction to the new or strange: strange people, test 
materials, strange surroundings), 


© stir him up; startles, 
sensitive to things going on around 


05 


as the opposite true. tt 
. scale from “deficient” to “overendowed,” with 

ve steps usually spelled out; a nine-point scale was obtained by adding half 
S are supplied to clarify the items. 
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TABLE I—Continued 


(1) Accepts the entire situation with no evidence of fear, caution, 
or inhibition of actions. 
(9) Strong indications of fear of the strange, to the extent he cannot 
be brought to play or respond to the tests. 
10. General emotional tone: unhappy-happy. NS. 
(1) Child seems unhappy throughout the period. 
(9) Radiantly happy; nothing is upsetting; animated. 
11. Endurance or behavior constancy in adequacy of response to demands 


of tests. N.S. 
(1) Tires easily, quickly regresses to lower levels of functioning. 
(9) Continues to respond well and with interest, even with prolonged 
tests at difficult levels. 
12. Sensory areas: preoccupation or interest displayed (none to excessive). 
025 


(a) Sights: looking 
(b) Sounds: listening 
(c) Sound producing: vocal 


(d) Sound producing: banging, or other 

(e) Manipulating (exploring with hands) 02 

(f) Body motion N.S. 
N.S. 


(g) Mouthing or sucking: thumb or fingers Ss. 
(h) Mouthing or sucking: toys 7 


if there is any theory which can unite the field of be- 


ing. Clearly, 
genetics it is the unifying theory of evolu- 


havior and the field of 


tion. 
Now to present our case in point. We have made a study of in- 


fant identical and fraternal twins, and although we used a wide 
variety of measures, our interest throughout was on two major 
aspects of behavior which seem to have strong evolutional signifi- 


cance: Smiling and the fear of strangers. 
While previous work (Kaila, 1931; Spitz, 1946; Ahrens, 1954) 


had _ strongly suggested that smiling is deeply implanted in the 
biological make-up of man, we felt that the twin approach would 
provide direct evidence on this. Similarly, the fear of strangers, ex- 
hibited by most infants in the second half of the first year, seemed 
to be phylogenetically homologous to the flight response found in 
many other species (Freedman, 1961b), and we felt that evidence 
from a twin study would help to determine its biological impor- 
tance in man. To anticipate, both of these behaviors were signifi- 
cantly more concordant in identical than in fraternal pairs. 
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Before going on to our data, it will be worthwhile to oe _ 
such an increased concordance actually tells us. In the si Re - 
I agree with Osborne and DeGeorge (1959) that heritabi ie ci 
derived from twin data are largely misleading, and that it is 7 
use probability statements instead. If one finds greater eg es 
in identical twins than in fraternal twins on any trait, he hin 
learned only that there is “some kind” of hereditary control ae: 
place. The nature of this heredity control will most likely se as 
mysterious after the study as before it was undertaken. oe 
phrenia, for example, has been consistently shown to have a pane és 
component (higher concordance in identical than in ; frater a 
twins), but little more than this can be deduced from twin studies 
in this baffling area. My conclusion is that it is always necessary to 
complement the twin approach with other types of experimentation 


if one hopes to understand what is actually going into a concor- 
dance figure. 


We have started to do this in our study of smiling in twins 


through a complementary investigation of blind infants (Freedman, 
1965). As you will see, this has enabled us to say something about 
the role of vision in smiling, and after much more work we hope to 
disentangle some of the other factors which go into the finding that 


smiling is under “some kind” of hereditary control. I shall return to 
this point later, 


Our Study 


I should like now to present our data, some of which are the sub- 
ject matter of a film (Freedman, 1963). 
Mrs. Barbara Keller and [ studied mental and motor abilities and 
personality development in twenty pairs of same-sexed infant twins. 
We worked independently, each seeing approximately half the 
twin pairs. We spent at least one morning or afternoon in the 
homes each month, testing, interviewing mother, and photograph- 
ing; occasionally we paid an evening visit to show the accumulated 
films to the family. It is pertinent to say that we both became good 
ur respective families over the course of our visits and 

‘ood rapport came a fairly accurate level of observation. 
we choose to study infant twins? Since imitation which 
on starts after the first year, 


that with g 
Why did 


is independent of immediate percepti 
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we could rule out such mutual contagion as a factor in the results. 
We were also able to postpone zygosity determinations (13 blood 
group factors) until after the study and thereby avoid contamina- 
tion from that end. Finally, we wanted to avoid the problems of 
retrospective histories, a major reason for most longitudinal re- 
search (Freedman & Keller, 1963). 

At the end of the study we found we had an n, of 11 fraternal 
pairs and an ny of 9 identical pairs. The results from both Mrs. 
Keller's group and my own formed similar distributions on all tests 
and rating scales suggesting that they are readily duplicable. 
Within-pair differences were consistently greater among the frater- 
nal pairs on both of our major measures, the Nancy Bayley Mental 
and Motor Scales (p < .01 for the combined scales) and the Bayley 
Infant Behavior Profile (p < .001). (p Values are all based on one- 
tailed tables of the Mann-Whitney non-parametric tests, Auble, 
1953). Figures 1 and 2 are the separate distributions of the Mental 
Scale and of the Motor Scale, and it is seen that the Motor Scale 
more clearly differentiates fraternal from identical pairs. 
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Fic. 1. The Bayley Mental Scale. Average W 
thie Baye! {ministrations. 


ist year, based on 8-12 monthly ac 
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We managed to eliminate possible “halo” effects Sy ae pel 
in which our films formed the basis of judgment. We hai Va : 
monthly motion pictures in which each twin of a apolar 
separately in the same situations, and the film of each w ete — 
lated on separate reels. At the end of the study, the filme : 
of half of each pair was rated by a group of judges using a ay *y 
Infant Behavior Profile. Another group of judges rated the ms . 
the remaining twins. Again within-pair differences among fraterna 
twins were significantly larger (p < .005, see Fig. 3). 

TWIN PAIR 
=p 
*G 
at 


3 enrcats 
WB FRATERNALS 
* MRS. KELLER'S GROUP (n#/1) p'.036 
OR. FREEOMAN'S GROUP (n+9) p'.056 
TOTAL p<.005 
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AVERAGE WITHIN- PAIR DIFFERENCE 
Fic. 2. The Bayley Motor Scale. Aver 


age within-pair differences in the 
first year, based on 8-12 monthly administrations. 


Table I represents data on the Infant Behavior Profile. It can be 
seen that a variety of traits appe 
they are Consistently more concordant within identical pairs than 
within fraternal pairs ov 
have chosen to focus are Social Orientation (p < .005) and Fear- 
fulness, (p< 05) ocial Orientation was 
scored on the basis i 
and the first part of w) traces the develop- 
ment of these beha ‘al and within fraternal pairs 
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(p < .05 for months 1-5, identicals more concordant). After 5 
months of age, Fearfulness was primarily scored on the basis of 
fear of the investigator (p < .02 for months 5-12, identicals more 
concordant), and the second half of the film deals with this fear of 


the stranger. 


TWIN PAIR 
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< FERENCE 
VERAGE WITHIN-PAIR DIF! 
ANE ON 9 POINT SCALE 
nces on the Bayley Infant Behavior Profile, based 


Fic, 3. Within-pair differe . 
(either months 1-8, or months 


on 8 consecutive months of filmed behavior 
5-12), 


intended to illustrate major points of 


The following sections are : 
rtain developmental issues, data from 


the film. In order to clarify ce 
a non-twin and blind infants are included. 


Smiling 


as common to see smiling for which no 
as required, and it occurred most 
d his eyes closed, and was falling 


In the first month, it w 
Specific external stimulation W: 
often when the baby was sated, ha 
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off to sleep (see Fig. 4). These were a ao ag aed ars 
This type of smiling dropped out in most infants a 

pecan second month, it usually took some external reer = 
elicit smiling. This might still occur with the on oo Ra eos 
response to touching the mouth, a voice, the tinkle - a antes 
This was the case with Arturo, a fraternal twin, who w et = cd 
head and rarely wide awake (Fig. 5A). His pene a a 
Felix, was a remarkable contrast (Fig. 5B). He was wide ey 


tui 


Fic. 4. Tony, Singleton, 11 days of age, example of pre-social smiling. 


very watchful—but he was unremittingly sober and rarely smiled. 
This difference in amount of smil 


ing persisted throughout the first 
year. 


Felix not only illustrates contrasting development, so ty 
our fraternal pairs, but also h: 


pical in 
strates behavior that normal] 


is visual fixation of mother’s face illu- 
y preceded social smiling. This fixation 
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Fic. 5A 


Fic. 5B 


2 months 4 days, smiling to touch with eyes closed. 


Fic. 5A. Arturo F., 2 Felix 2 
He was usually drowsy at this age. B. Fraternal brother Felix F., 2 


months 4 days, was alert but unremittingly sober. 
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Fic. 6A, Chucky §., 9 
feeding. B. Identical b 


concordant for this behavi 


DANIEL 


FREEDMAN 


Fic. 6B 


months 0 
rother Mai 
or. 


. a agen: 
days, staring into mother’s face i 
tty S., 2 months 0 days, was comple 
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on the face is further illustrated by Marty and Chucky (Figs. 6A, 
6B), an identical pair who showed complete concordance for this 
behavior. Usually, about 10 days after such intense visual fixation 
of the adult's face had begun, the first social smile occurred. 

It is of interest that in identical pairs the age at onset and the 
intensity of visual fixation of the adult’s face was generally the 
same in both twins, even when there were substantial differences 
in birthweight. (See Price, 1950, for an explanation of such dif- 
ferences in birthweight.) 

While genetic factors are important, we should make it clear 
that these events are dependent on environmental factors also. 
For example, Wolff (1963), found that social smiling generally 
appeared before the end of the first month rather than late in 
the second month within a small sample from the Boston Irish 
population, He attributed this speedy development to the high 
amount of stimulation given infants in this sub-population, Simi- 
larly the premature infants we have observed smile more in ac- 
cord with the date of delivery, i.e., the amount of time spent in 
the nonuterine environment, than in accord with biological age. 

As for the cause of smiling in infants, many of the major studies 
have stressed that visual fixation of a face or some face-like stimu- 
lus is a necessary prelude to social smiling (Kaila, 1932; Spitz, 
1946; Ahrens, 1954). Consequently the deduction has been com- 
monly made, based on ethological thinking, that a causal connec- 
tion exists between a moving face-like pattern (social releaser ) 
and smiling. However, it is clear that this conceptualization is far 
too simple, if only for the fact that blind infants smile. In order to 
understand this issue better, we are currently studying a number of 


infants who were blind at birth. 
In the course of this study, limited because fortunately blinded 


infants are now rare, we find that these infants smile at the usual 
time, but that their early social smiles are fleeting, much like nor- 
mal, eyes-closed smiling in the first month, and they seem there- 
fore to occur at a reflex level. Our first example, Yvonne (Fig. 7), 
could perceive only intense light due to cataracts caused by ma- 
ternal rubella in fetal life. One interesting observation made was 
that despite the blindness she nevertheless, while smiling, turned 
her eyes toward the person holding her, as in Fig. 7. This occurred 
with intense petting, cooing, and talking by the adult, and seems 
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to be direct evidence that ocular fixation of the social object is 
initiated by central rather than peripheral stimulation. Also, al- 
though Yvonne's smiling was actually a series of rapidly succeeding 
smiles (reflexive firing? ), the net impression was that the interac- 
tion was as joyous for her as for seeing babies. 


Fic, 


F 7. Yvonne, 2 months 20 d. 
on moi 


‘ aS, congenitally blind, smiling with “eyes 
ther. Smiles were fleeting at this age. : 5 
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other blind infants investigated. We also followed the develop- 
ment of several deaf infants and found their smiling to be quite 
normal. 

We have concluded that since seeing infants, blind infants, and 
deaf infants all smile, sensory channels while important are second- 
ary and that smiling is never a response to just a single sensory 


Fic. 8. David, 6 months 10 days, congenitally blind, engaged in prolonged 


social smiling. 


t, smiling is probably best defined as an in- 
nt to “another.” (See the important 


an elaboration of this definition). 


stimulus. At presen 
stinctive response of the infa 


paper of Goldstein, 1957, for 


Fear of Strangers 


While infants under 5 months of age will usually smile at any 
person, after this age they become increasingly discriminating, 
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Fic. 9B 


Fic. 9A and B, Lisa B, 


stranger, » months 0 days, with mother and with a male 
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Fic. 9D 


Fic, 9C and D. Identical twin Lori B., 7 months 0 days, with mother and 
i and D. : 


with same stranger. 
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and smiles are increasingly reserved for familiar ge ci ee 
nation turns to wariness some time in the third or ~ / , ee 
of the first year, and most infants begin to react Seer se meee 
with a stranger. This process is very similar to oe eee “ol poh 
of the flight response in lower mammals and birds. THEE, S “4 
of strangers often follows a period in which Sarraacieh 
tachments are possible. (See Freedman, 1961b, for a discussi 
this point), e 
Last i Lisa, an identical pair, were both wary of page 
from 5 months of age through 8 months, when fear arte ae 
rather €asy acceptance (Figs. 9A-D). As in the majority fo) be a 
cal pairs, the timing and intensity of their reactions were : 
similar over this entire period. : La 
On the other hand, Richard and Robert, fraternal twins, - 
1OA-B) were highly dissimilar in their reactions, Richard was Be 
more fearful from 5 months and on. For example he cried when 
Mrs. Keller arrived for the 10-month visit despite the fact that = 
had made a visit each month of his life. After a while he relaxed, 
but he cried again when the investigator donned a prone 
mask (Fig. 10A). Fraternal brother Robert (Fig. 10B), who tne 
passed through a brief, mild period of fear of strangers at 


months, provided a clear contrast in that he gave no indication 
of fright during the entire visit, 


While these illustrations are typical ex: 


amples, the distribution of 
within-pair differences in ratin 


gs of Fearfulness formed distinct 


twins who were decidedly unal 
inducing situations. Susie 
by noises and the J 
came exceedin 


(Fig. 11A), who was easily frightened 
3 months of life, be- 
Sers toward the end of the 
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Fic. 10B 


10 months 3 days, cries when investigator dons 
1 twin Robert C., 10 months 3 days, inspects 
ly reaction was “interest.” 


Fic. 10A. Richard C., 
Halloween mask. B. Fraternal twi 
investigator with Halloween mask. His on! 
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Fic. 11B 


Fic. 11A. Susi 
. ie W., 12 . 
and offered toy, B. lanes : days, with investigator, rejecting both him 
comfortably on investigator’s isa Win Annie W., 12 months 8 days, sitting 
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in a personal communication, that minimal brain damage may be a 
factor in Susie’s hyperreactivity (see Prechtl, 1963, on minimal 
brain damage). 


Summary of Film 


Heredity plays a role in the development of positive social orien- 
tation (including smiling) and in the fear of strangers. Our evi- 
dence for this is that identical twins show greater concordance 
than fraternal twins in these two areas of behavior over the first 
year of life. There seems to be no reasonable alternate explanation 
of these results. 

The phenomena of smiling and fear of strangers are of great im- 
portance, for they are prototypes for much of later behavior. The 
smile is probably the first expression in human life of pleasure with 
another, whereas fear of strangers is normally the first expression 
of fear of another, As far as we know these two phenomena are 
universal in mankind, and they have doubtless been important in 


human adaptation and _ evolution. 


Evolutionary Function of the Fear of Strangers 


While the function of smiling seems to be that of a binding 
force between infant and parent, and later within various human 
diads (Goldstein, 1957), the function of the fear of strangers is not 
as apparent. I have argued elsewhere (Freedman, 1961b) that 
the fear of strangers is a homolog of the flight response found in 
most animals. However, I have since had to face the fact that, 
unlike lower animals which are highly motile when they develop 
the flight response, when a human infant develops its fear of stran- 
gers (at about 6-9 months) it simply does not have the motor 
ability to escape a predator. I have therefore been led to the hy- 
pothesis that the fear of strangers found in human infants serves pri- 
marily to intensify the bonds between the infant and those already 
close to him, and that it serves at the same time to prevent the di- 
lution of these primary relationships. Let me emphasize that such 


speculation is open to experimentation, and to that extent has 
proved fruitful. For example, we have undertaken a study of in- 
fant twins in which we test their reactions to a variety of experi- 
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mental “strangers.” In this way we hope to find the Bi ee 
required to elicit the fear response, while seein oo 
over genotype. We have also undertaken studies with : ¢ finn ‘ns 
a critical period for the formation of social bonds with - as 
been found which is dependent on a rising fear of s - 
(Freedman, King, and Elliot, 1961). In a planned inves . 
we shall study imprinting (the development of ste te 
ments) in birds in which the flight response has been wes ? ces 
this way, we can deal experimentally with the eg x: 7 
itive relationship between strength of flight response (fea 
strangers) and strength of primary attachments. 


Conclusion 


I hope that the above presentation is evidence that a a 
between human behavior genetics and ethology is potentially Tu ; 
ful. Since it is inconceivable that an uncoordinated collection o 
heritabilities and concordances can be of value to a science of man, 
an over all conception is needed as a working guide and ay 
of organization. This is available in evolutionary theory and in ce 
emphasis on evolved behavior, Further, if the elucidation of func 
tion is a goal, it appears that the twin method cannot stand alone, 


. - a ior 
and that various complementary studies on the units of behavio: 
under investigation will be necessary. 
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Discussion 


Gottesman: You did point out that you did the bloodtyping after the study 
was done? 
Freedman: Yes, as a control. I will say that by 8 months our guesses were 
correct in all but three pairs, and it appears that differences in identicals 
iron out by 8 months. Monochorionic identicals are often born with considerable 
differences, but by 8 months the weight difference is made up, and at this 
time people begin having trouble telling them apart. On the other hand, 
fraternals are pretty well individualized by that age, so 8 months seems to be 
a good time for guessing. I might also mention that our parents tended to 
believe their twins were fraternals, and our current cultural emphasis on indi- 
Viduality seems to be the factor operating here. Only three parents guessed 
they had identicals, and they were correct. As for the obstetricians, they were 
right nine out of nineteen times, which is no better than chance. I think this 
is due to the fact that many OB books state that fraternal twins are in separate 
s in a single chorion. However, in about one-third of 
separate choria so that if you go by that method 
I have not yet seen an obstetrics textbook which 
ly, Price’s classic article (1950) on this 
. Pediatricians usually rely on 
in which the pediatrician and 


choria and identi 
identical pairs there 
you make many mistakes. 
makes the distinction, Unfortunate! 
subject is known primarily among genetic 
the OB people, but we have had a few ca 
obstetrician gave the parents opposite diagnoses. 


re 


A Heredity-Environment Analysis of 
Personality Inventory Data’ 


John C. Loehlin 


I am going to report briefly the results of an analysis which at- 
tempts to separate the influences of heredity and environment on 
personality inventory data—not because I think the outcome of the 
study is particularly conclusive, but because I think the method 
used has potential value, and the results suggest some points of in- 
terest. Briefly, the method involves two factor analyses, one of vari- 
ables selected to be high in genetic variance and one of variables 
selected to be low in such variance, followed by a comparison of 
the factors extracted in the two analyses. 

In the present study, the variables factored were small clusters 
of items from the Thurstone Temperament Survey (TTS) and the 
Cattell Junior Personality Quiz (JPQ); whether an item was high 
or low in genetic variance was determined by a twin analysis, 
based on a separate sample. For the factor analysis, the two per- 
sonality questionnaires were given to 231 eleventh and twelfth 
grade boys in two Lincoln, Nebraska high schools. Each question- 
naire was divided in half, and item intercorrelation matrices were 
computed among the sets of 70, 70, 70, and 60 items—the intelli- 
gence items and the last two personality items from the JPQ were 
omitted. The cosine pi approximation to tetrachoric r was used for 
the correlations; the Thurstone items were dichotomized by includ- 
ing the middle category with whichever of the two extremes had 
the smaller frequency. Correlation clusters of three to six items 
each were selected from each matrix. The criterion for inclusion in 


11 would like to express my gratitude to the Research Council of the Uni- 
versity of Nebraska for financial assistance, to the numerous persons in the 


Lincoln Public Schools who made possible the gathering of data, and to the 
Computer Center of the University of Nebraska for providing computer time 


for the data analysis. 
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a cluster was a correlation of .30 or better with every other seit 
and each item was placed in only one cluster.’ Thirty-five Nae 
were obtained in this manner—12, 7, 8, and 8 clusters from the 
four intercorrelation matrices. These thirty-five clusters were then 
ranked in terms of genetic variance, using data from the sae de 
Twin Study (Vandenberg, 1962). I would like to thank Dr. Van- 
denberg for making these data available to me. I tabulated the con- 
cordances for each item of both questionnaires for the forty-five 
monozygotic and thirty-five dizygotic pairs in the Michigan study, 
and selected the fifteen clusters with the largest DZ-MZ difference 
and fourteen clusters with little or no difference for the two factor 
analyses. Scores on these clusters were obtained for each of the 231 
boys in the original sample (the items being combined with unit 
weights), and these scores were intercorrelated to form the two 


actor loadings, so 
about Tables V and VI. 
some similarities in the fac- 
ble appears to be concerned 
is an emotionality or adjust- 
factor III in Table V and factor II in 
volving physical activities, (factor IV in 
nd factor III in Table VI). But there seems to be a dif- 
the flavor of corresponding factors from the two analy- 
S in the first set seem more focused on the individual 
If; the ones in the second set, on his reaction to his environ- 
ment. The extroversion factor in the first set stresses what the in- 
dividual brings to §roup activities; the one in the second shifts 

* More or less: the .30 line Was crossed slightly four or five times, when the 
other correlations in the cluster 


i : appeared to justify this, and one item inad- 
vertently got included in two clusters (fortunately, they wound up in different 
factorings). 


ference in 
ses: factor. 
himse 
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TABLE I 
Factor Loavives, High Herepity CiusTers 
Factor 

Variable I Il Ill IV 
1 —.14 388 —.03 —.03 

2 40 —.04 14 05 

3 61 10 —-.09 —.09 

4 42 06 10 21 

5 40 29 —.08 —.08 

6 09 ll 03 28 

7 —.00 04 33, 86 

8 Bly 00 387 05 

9 =,00 —<07 —.52 02 

10 42 —.10 .00 — .02 

1 16 03 01 — .33 

12 01 -29 22 12 

13 —.06 —.07 66 At 

14 20 86 —.04 —.08 
15 ag. esd 00. .28 


TABLE II 
‘ron Loapines, Low Herepity CLUSTERS 


Factor 
Variable I Il Ill IV 
uk 41 -.21 —.03 10 
2 64 —.00 —.06 —.07 
3 —.05 04 35 —.18 
4 40 19 .37 19 
5 Al ==.08 LBB 02 
6 53 —.04 07 —.23 
7 56 09 —.00 04 
8 —.10 09 — .06 44 
9 —.42 31 —.02 —.15 
10 Patt —.14 04 389 
11 ll 44 .07 —.07 
12 25 —.06 09 31 
13 =i 42 N01 10 
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TABLE III 


Costxes or ANGLES BETWEEN REFERENCE 
Vectors, Hicn Herepiry 


Factor II Ill IV 
I =, 14 — .38 —.09 
II = 10 -42 
Il 07 


TABLE IV 
Cosines oF ANGLES BETWEEN REFERENCE 
Vecrors, Low Herepiry 


Factor Il Ill IV 
I — .04 —.19 03 
II —.03 31 
Ill 25 
TABLE V 


Factors rrom Hien Hereprry Ciusters 


Factor Variable 


Description Loading 
I 3 Optimistic, poised (TTS 108, 130, 133) -61 
4 Socially outgoing (TTS 9, -32, ~71, 78) 42 
10 Has own opinions (JPQ 15, 30, 53) 42 
2 Quick thinking (TTS 58, 68, 122) -40 
5 Socially dominant (TTS 16, 41, 42, 48, 44, 53) -40 
Ul 1 Likes to take things slow (TTS -60, 85, 86) 88 
14 Gets going easily (JPQ 80, 98, -111) 36 
12. Adventurous, self-confident (JPQ -22, 37, 46) 228 
5 Socially dominant (TTS 16, 41, 42, 43, 44, 53) 29 
Til 13° Controls his impulses (JPQ 90, -109, 132, -133) 55 
9 Gets angry, frightened, upset (JPQ 8, -45, ~54, 65) —.52 
8 Good social adjustment (JPQ 10, 12, -18, 47) 37 
7 Tikes to work with tools (TTS 8, 36, 83) BS 
IV 7 Likes to work with tools (TTS 8, 36, 83) “ae 
11 Intellectual interests (JPQ 13, -17, 60) — 33 
§ Likes physical work (TTS 7, 5, 33) 28 
15 _ Impatient, impulsive (JPQ 9, "113, 131) 28 
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TABLE VI 
Facrors rrom Low Herepiry Ciusters 
Factor Variable Description Loading 
1 7 Impulsive, outgoing (TTS 9, 10, 31, 52) 56 
2 Enjoys group activity (TTS 67, -110, 128) 54 
6 Seeks social stimulation (TTS 11, 23, 37, —55, —84) 353 
9 Shy (JPQ —11, 25, 32) —.42 
1 Good memory for recent events (TTS 94, 102, —124) Al 
4 Vigorous, active (TTS 61, 65, 89) 40 
14 Considers self fortunate (JPQ 107, 121, 130) 387 
IL 11 Feels restricted by adults and rules (JPQ 117, 135, 138) .44 
13 Nervous, suspicious, jumpy (JPQ 96, 108, 127) 42 
9 Shy (IPQ —11, 25, 32) 31 
IL 5 Enjoys team sports (TTS 64, 91, 120) BB. 
4 Vigorous, active (TTS 61, 65, 89) 837 
3 Likes racing, boxing, betting (TTS 90, 117, 119) 85 
14 Considers self fortunate (JPQ 107, 121, 130) 83 
IV 8 Likes school and teacher (JPQ 1, 34, —61) 44 
10 Good behavior (JPQ 6, —69, 71) 39 
12. Gets along well with parents (JPQ 97, 126, 129) 81 


the rewards and punishments the in- 
activities. The emotionality factor in 
the first table (factor HI) is centered on impulses and their con- 
trol; the one in the second (factor II) on response to environmen- 
tal restriction and threat. The physical interest factors, IV and II, 
show less difference, but in the second set we may have a little 
more concern with the social setting of physical activity, and in the 
first, with the physical expression as such. Finally, compare the un- 
matched factors. In the first set, we have a somewhat ill-defined 
factor which seems to be in the temperament area (factor II in 
Table V), in the second, we find a factor of good socialization (fac- 


tor IV). 
It is not sugg 


slightly toward emphasizing 
dividual derives from such 


ested that this tendency toward a greater focus 
on the individual in the first set of factors and a greater focus on 
the environment in the second set is overwhelming in these data, 
although it seems reasonable. However, it might be interesting to 
speculate for a moment on the implications of the more-or-less cor- 
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responding factors in the two analyses. This may be wi iad bei 
plete resolution of variables, in which case the overlap : oa A. 
to disappear as better methods are used on larger samp capt s 
ternative possibility is that personality dimensions ad ein 
general, to be two sided, with one aspect reflecting aes a 
ably complex ) heredity tendencies, and the other the 00) : is . 
tutions and interpersonal pressures which grow up around thes 

tendencies, If this is indeed the case, it could lead to much con- 
fusion in nature-nurture work in the area of personality. For ex- 
ample, suppose two researchers do nature-nurture assessments ee 
the “same” personality dimension; if one uses an etrvariireniental 
version and the other a slightly different “genetic” version their es- 
timates could differ widely. In fact, a nature-nurture estimate nd 
tained on a personality dimension will be as much a function o 
how the particular measurement technique used blends these two 
aspects, as it is of anything characteristic of the personality dimen- 
sion itself. In short, proceed with caution in this area until the aur 
is clearer here; or better, proceed with boldness to clear the air. 
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Discussion 


Lindzey: Isn’t there some incompatibility, 
Pretations and Dr. Cattell’s findings 
he has called envir 


John, between these data and inter- 
and interpretation in connection with what 
onmental mold source traits 
ergs on the other hand? Aren’t you implying th 
variables from one source of vari ; 
ordinarily looked upon the trait domain as divisible into those which are princi- 
pally environmentally determined ich are principally genetically 
determined? 


Loehlin: Yes, 1 think there is a differe: 
Cattell’s defense, that he h 
intelligence, He has said that you might find two factors in this area, one 
of native ability and one educational facilitation, which might 
be hard to distinguish, but which would be separate source traits. Now I think 
he has not made such a su i n general, or for other person- 
ality factors, but [ don’t 


see that this is absolutely incompatible with his 
position. 
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Cattell: Well, I wonder how you match Tables V and VI, on what basis 
this done? This is certainly a methodological matter. 

Loehlin: I did it by inspection and intuition. 

Lindzey: The proper answer is “using the same operation which factor analy- 
sis people conventionally use when they name factors.” 

Loehlin: Yes, it is essentially a factor naming process. One sees some resem- 
blance between clusters loading on factor I in each sample, and thus assumes 
some relation. 

Cattell: These are on the same people are they not? With different variables 
on the same people it would be possible to put the two factors in the same 
space. 

Loehlin: Yes, I checked on the cross correlations, which were available from 
the computer, and there are certainly relationships. I suspect that both factor 
I’s would have come out as a single factor if I had done a single analysis, 
because the cross correlations are fairly substantial between the items in 
factor I in each case. I'm less sure of some of these other pairs; they might 
have come out separately if they had been combined in a single matrix. 


Cattell: Doesn’t the whole argument really hinge on being able to identify 


and equate two factors? 
Lochlin: No. The argument is that these matrices are closely related, with 
st that the factors are identical; 


parallel factors in the two areas. I don’t i 
if anything, I insist that they are distinguishably different. 

Cattell; Well, imagine a factor loading variables 1 to 10 where these were 
chosen odd-even for high and low hereditary determination. It would be pos- 
sible to do this, of course. One can see that one marker for a factor might be 
much more involved with environment than another, and in that case you can 
get identical factors, the even ones more highly hereditary and the odds 
less. The implication of this seems to be that the selection of variables 
becomes very important when you have small numbers of variables to repre- 
sent a factor, Presumably the situation would improve as you took larger and 


larger numbers of variables. 
Loehlin: I’m not sure I see your suggestion here. 
Cattell: There are a lot of complications here, this is a crossroads of a lot of 
assumptions, which one would have to state to get very far. At the moment 
T am assuming that there is @ certain factor which is represented by a set of 
variables, say 1 to 10; before doing a factor analysis, you have made a nature- 
nurture ratio analysis on each of these 10 items and sorted them into two 
heaps, one set high and another set low. You will get different nature-nurture 
ratios for the factor as a whole, for set even, and set odd. The question might 
be how far you can extend this. I think, in the end, these items would be 
tails of a normal distribution of nature-nurture ratios per item. In a sense your 
result is an artifact of having deliberately chosen from the possible markers for 
tally involved, and (b) those least en- 


a factor X, (a) those most environmen| : 
If you were going after the measurement of this factor 


vironmentally involved. 
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as such with the greatest possible efficiency, you would deliberately avoid 
this kind of thing, look at the distribution of nature-nurture ratios and take a 
random set from it. This would give a true picture of the fact. Thus you are 
deliberately giving yourself diplopia here, you look at the situation first through 
this biased glass and then through that one. 

Loehlin: But I am doing this on purpose, to bring out a possible difference 
here. I think this is becoming a question of what one’s aims are. 

Cattell: Yes, you are doing this on purpose, but is it desirable to do this deliber- 
ately when your aim is finding the best possible estimate of nature-nurture 
ratio for the factor as a whole? 

Loehlin: Well, if that is your aim, fine. But, if someone else takes a selection 
of items a little more from, say, the environmental end, he is going to get a 
different nature-nurture ratio than you do. 

Cattell: Yes, this demonstrates the phenomena. It’s something that you would 
operate against, I would suggest. Now that you have shown that this can be 
done, it seems to me that all correctives should be made to avoid it. 

Loehlin: Yes, if that’s what you're after. 


Lindzey: I hope to endorse both views here, and I think we must also bring 
up the unpleasant expression criterion analysis. 


New Techniques in Analyzing Parent-Child 
Test Scores for Evidence of 
Hereditary Components 


Richard E. Stafford 


Two methodological chapters in this volume deal with an as- 
sumption of polygenic influences, and indeed, one is almost forced 
to come to this conclusion when one looks at behavioral data, which 
are almost always on some sort of continuum. Years ago when Men- 
del was rediscovered, there was a rash of studies purporting to 
show that all kinds of behavior were based on one, or at the 
most, two genes. Then we swung away from this over-simplified 

to the continuous data model which 


hypothesis and went over 
seems to fit a lot more of our behavioral data. Mendel himself ac- 


tually found modes of inheritance which suggested continuous vari- 
ables with polygenic inheritance, as well as, the discrete segre- 
gated type of inheritance—although we generally only hear about 
the discrete segregated type because it was with this that Mendel 
was most concerned. On the other hand, Galton had commented 
on the fact that certain traits seemed to be quite discrete, al- 
though we generally think of Galton as being father of the school 
of genetics which deals with traits having continuous distributions. 


Unfortunately, by emphasizing their major differences, a rather 


bitter controversy arose. I think that East, Fisher, and others have 
pretty much resolved that controversy, at least for physical char- 


acteristics, But when it comes to behavioral traits, it seems to me, 
we are faced again with the question whether certain traits are on 
dona doctoral dissertation which was supported in 


arch and the National Science Foundation, 
and by an Educational Testing 


1 This research is base: 
part by the Office of Naval Rese 
Dr. Harold Gulliksen, Principal Investigator; 
Psychometric Fellowship at Princeton University. 
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a continuum or are they discrete and segregated. Just for pagans 
purposes, I am going to argue that perhaps some of ens eae 
which appear to be on a continuum, actually have an u dl noe 
dichotomy, and even though this underlying dichotomy is mee 
masked by environmental effects and perhaps by other ee : i. 
fects, it still might be possible to tap in here somewhere and g' 

some estimates of the genetic components. soleil he 

For example, if this underlying dichotomy were liypathesinee - 
be the effect of a single genetic unit, much more rigorous ces : 
hypotheses could be generated from genetic theory to be tested, 
or in a sense, fitted to a model. 

To test this hypothesis, that the trait under investigation was ws 
tually a genetic entity, a technique was devised to fit the usb 
continuous data to theoretical genetic models. This bisects 
called “dichotomic analysis,” is essentially an arbitrary  aaiiall 
ing of a bivariate distribution of parent-child scores with a sus. 
cessive series of artificial divisions in the continuous distributions. 
The frequencies observed by these arbitrary quarterings may then 
be compared to the theoretical expected genetic frequencies 2 
series of chi square goodness-of-fit tests. Should a “good fit” pe 
found by one of the artificial divisions in the bivariate caper 
of father-son scores, and also at approximately the same artificia 
division in the bivariate distribution of mother-daughter scores, 
an underlying dichotomy would be assumed, ’ 

This dichotomic analysis can also be applied to twin studies. A 
further extension of this technique is applicable when there is cule 
dence that a trait has a genetic component. The possibility of it 
being determined by a recessive gene may be checked by making 


a trivariate distribution of the fathers’, mothers’ and children 
scores, 


Another technique involves correlational analysis of sex differ- 
entiated traits by fitting them to an ordered sequence of coeffi- 
cients. 


eritance selected for 
ple autosomal dominant-recessive and the 


X-linked dominant-recessive. In each model the simplest genetic 
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conditions are posited: (1) there is complete penetrance, that is 
to say, whenever a dominant gene is present it will manifest it- 
self; (2) there is no selective mating by the parents, at least 
in respect to the traits under investigation; and (3) there is no 
epistasis, which means there are no other genes at different loci 
masking the effects of the gene in the model. If these conditions 
are not met, then the results of the model fitting are questionable. 

In the simple dominant-recessive autosomal model, we shall first 
assume that there are two allelic genes which we shall label [Be 
and “b” at a single locus on a chromosome. Since chromosomes 
come in pairs, four different combinations of the two genes are 
possible: BB, Bb, bB, and bb. It is impossible to differentiate be- 
tween Bb and bB, so there are actually only three genotypes with 
twice as many individuals of the Bb type as there are of either the 
BB or the bb. If we also assume that gene B (which allows de- 
velopment of the trait) is dominant to gene b (which inhibits the 
development of the trait), then gene B will mask the effects of 
gene b, Individuals with either the combination of genes BB and 
Bb will manifest the trait equally and only those with the combina- 
tion of bb will lack it. Thus, the three genotypes become only two 
BB -++ Bb, and bb. (Genotypes BB and bb are re- 


phenotypes, 
“homozygous” and the genotype Bb as “heterozy- 


ferred to as 
gous.” ) 
Since there are three genotypes possible, there are nine different 
possible combinations when parents mate as indicated in Fig. 1. It 
can be seen by referring to Fig. 1 that when a parent of type BB 
mates with another of type BB, all of their offspring will be alike 
and have the same BB combination of genes, and when a parent 
of type bb mates with another of type bb, all of their offspring will 
be alike and will also have the same combination of genes that their 
parents have. Similarly, when a parent of type BB mates with one 
of type bb, all of the offspring will be alike, that is type Bb, but 
they will have a different combination of genes than either of their 
parents. When parents that are heterozygous (type Bb) mate with 
other types, the resulting offspring are of different types. For ex- 
ample, when Bb mates with bb 50% of their offspring will be of the 
Bb type and 50% will be of the bb type. When a parent of type Bb 
mates with another Bb, three genotypes will result in the following 
percentages, 25% BB, 50% Bb, and 25% bb. Of course, when B is 
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dominant over b only two phenotypes will be observed, 75% 

Bb and 25% bb. on 
ate addition to knowing the percentage of different types as oe 
spring resulting from various combinations of parental matings, : : 
also need to know the frequency of a particular gene in the popu - 
tion. If we discover that 64% of the population have a trait and 36 ‘ 
lack it, we can compute the frequency of the B and b genes in ss 
population. We have assumed that there is only a B anda b sae 
at this particular locus, so we can let the percentage of B genes 
“p” and the percentage of b genes be “q” where p+ q =1, ne 
0 <p <1 Itis easier to calculate q than p because the probability 


MOTHER 
bb @ Bb 2 pq BB p? 
BB 4 
BB p? Bb pq? Bb 2 p3q BB p 
a BB 
Bb 2 BB 3 
BI Bb 2pq bb 2P0°— 2Bb 4p’ Bh  2P°4 
= bb 
bb ¢ bb qt ee 2 pq? Bb p?q? 


Fic. 1. Probabilities of variou 
sulting types of offspring. (B 
gene in population; b= 
population, ) 


; <a é a 
S genotypic combinations of parents and ; 
= dominant gene; p=percent of domatant 
: E: ; 
recessive gene; q=percent of recessive gene i 


of people lacking the trait (type bb) is g? while the probability of 
people having the trait is p* 


root of the percent (.36) 
find the square root to b 


how frequently a heterozygous father (type Bb) will mate with @ 


e€ see that the probability of being type Bb 
is 2pq, so that the probability of both parents being type Bb is 
4p°q°. The chance of a type bb child resulting from this particular 
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mating combination is 1/4. The percentage of bb children can be 
computed by showing that 1/4 of 4p°q? is p°q® and substituting our 
hypothetical gene frequencies (p= 40,q= 60) we find that 5.8% 
of all children are of type bb and are born to parents who are both 
type Bb. 

In this study, we are specifically interested in the similarity be- 
tween parents and their children. To determine how frequently we 
should expect a child to resemble one parent we must derive Fig. 2 
from Fig, 1, Let us assume we are studying resemblance of fathers 
and their sons. Fathers of the type BB + Bb have the trait and 
fathers of the type bb do not have the trait. We wish to know, given 
any gene frequency, how often we should expect their sons to be 
like them and how often we should expect their sons to be unlike 


CHILD 
BB 
+ p? + 2pq pq? + p?q? | pa® + 4p%q? + 4p%q + pt 
& 
z| Bb 
fe 4 3 3 2q2 
Bl) bb a qt + pa pa? + pd 
Ay 
bb @ Bb + BB. p? + 2pq 


Fic. 2. Expected probabilities of various combinations of parent and child 


phenotypes. 


Fig. 1 and looking across the row from 
henever he mates with a mother who is 
also bb, all of their offspring will be bb and the probability of that 
mating is q*. The first entry into the lower left-hand cell of Fig. 2, 
where both father and son are recessive (lacking the trait), is q’. 
There is still another source of sons who are recessive (type bb) 
from fathers who are also recessive. They come from a father of 
type bb mating with a heterozygous mother (type Bb). Since half 
of these children will be bb, and the probability of this mating is 
2pq?, we add pq* to our lower left cell where both father and son 
lack the trait. To determine how many dominant sons (BB + Bb) 
there will be who have recessive fathers, we first enter the other 
half of the probability Qpq* (father bb with mother Bb) and then 
add the entire probability of the mating between a father of type 


them. Referring back to 
father bb, we see that w 
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bb with a mother of type BB, which is p2q?. In a similar fashion, 
the frequency of recessive sons with a dominant father is obtained 
from the probability of the mating of a Bb father with a bb mother. 
This turns out to be pq* so this is entered into the upper left-hand 
cell of Fig. 2. From the probability of the mating between a Bb 
father with a mother also of type Bb, which is 4p?q?, we see that 
only 1/4 of the sons are recessive (type bb) so we enter pq? into 
the upper left cell. This gives us exactly the same percentage in the 
upper left cell that we found for the lower right. By subtraction we 
can calculate the frequency of dominant fathers with dominant 
sons to be pq* + 4p*q? + 4p3q + pt and we enter this into the 
upper right-hand cell of Fig. 2. It should be kept in mind that since 
we are dealing with an autosomal model, the sex of the parent or 
child makes no difference. The same formulas could be used for 
mother and daughter or son. We have now shown that whenever 
we know the gene frequency of an autosomal trait, we can compute 
the frequency of parents and their offspring being alike and unlike. 


Dichotomic Analysis 


To demonstrate how the technique of dichotomic analysis works, 
tus take the hypothetical test scores of 50 fathers and their 
sons. We wish to know if the relationship of the sons’ scores to the 
fathers’ scores in any way fits that which we might find if the hypo- 
thetical trait has a basic hereditary component. The analysis is 
started by plotting the paired father-son score in a bivariate dis- 
tribution with the father’s score on the ordinate and the son’s score 
on the abscissa of the graph shown in Fig. 3. The assumption is 
made that the trait is a manifestation of an autosomal dominant- 
recessive gene and that a high score is dominant to a low score 
(it can be shown that when a low score is dominant to a high 
score the order of entries js simply reversed), For our first trial 
we will make the hypothesis that 90% of the population have the 


le 


trait are recessive. Therefore, the bi- 
d into quarters with a horizontal 
fathers’ scores and a vertical line 
S’ scores. This is shown in Fig. 3 
entile.” The expected frequencies 
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can now be computed. The value of q is found by taking the 
square root of .10 (the 10th percentile must be changed into a 
decimal first), which equals .32, and, therefore, by subtraction, p 
equals .68. Substituting these values in our formulas for the four 
cells in Fig, 2, the expected percentages are found to be 3.2% for 
the lower left-hand cell, 83.2% for the upper right-hand cell, and 
6.8% for each of the other cells. Since the hypothetical population 
consisted of 50 fathers and their sons, the above percentages are 
multiplied by 50 to obtain the theoretical frequencies for each cell 
of Matrix A in Fig, 4. These frequencies are placed on the middle 


x x 

x 
A cae 
= x x 
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10 20 30 40 
Sons’ Scores as Percentiles 


Fic, 3. Various hypothetical quarterings of a bivariate distribution of father- 


son scores (artificial data). 


line of each cell in Matrix A. Next, an actual count is made of 
the number of father-son plots in each cell of the quartered bivari- 
ate distribution in Fig. 3, and these counts are entered in the top 
line of each cell of Matrix A of Fig. 4. The difference between 
each theoretical frequency and the actual frequency is then 
squared and a chi-square is computed according toa standard for- 
mula (Siegel, 1956). The chi square for Matrix A is 3.167. This is 
plotted in Fig. 5 on the abscissa against 10% on the ordinate since 
the hypothesis was that 10% of the population was recessive. 
The process is repeated by dividing the fathers’ scores at the 
20th percentile with another horizontal line and likewise dividing 
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Matrix A Matrix B 
Observed ——»| 5 40 Hf 33 
Theoretical —_»] 3.4 41.6 5.6 34.4 
Difference ——» | 1.6 1.6 1.4 1.4 
q?=.101 0 5 q?=.20/ 2 7 
1.6 3.4 3.4 5.6 
1.6 1.6 1.4 1.4 
X?=3.167 XK?=1.202 
c D 
8 27 8 22 
6.8 28.2 7.4 22.6 
1.2 1,2 ‘0 a6 
q?=.30! 7 8 q?=.40/12 8 
8.2 6.8 12.6 1.4 
1.2 D2 6 16 
X?=0. 650 X?=0.142 
E F 
9 16 9 11 
Tady LT 6.8 13.2 
Loi Li. 2.2 2.2 
q?=.50/ 16 9 q°=.60/ 21 9 
LI 1.3 23.2 6.8 
Let “vt 2.2 2.2 
X?=1.118 X2=1,999 
G H 
-——————__ 
. df 6 4 
5.7 9.3 4.2 5.8 
2.3 2.3 1.8 1.8 
q?=.70] 27 8 a?=.80/34 6 
29.3 5.7 35.8 4.2 
2.3 2.3 158° 1.8 
X*=2.606 X2=2.192 
z J 
2 1 7 25 
2.3 2.7 7.2 24.8 
- re ie ae 
Aes RO aL a q?=.36/11 7 
42. B25 1038: 422 
Sa oy se 
X?=3.651 X?2=0,016 


Fic. 4. Artificial data. H 


goodness of fit (low score 


ypothetical dichotomies and Chi-square tests of 
= recessive ), 
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the sons’ scores at the 20th percentile with another vertical line. 
The theoretical frequencies determined from the formulas in Fig. 
2 and the actual counts made of the father-son plots in Fig. 8 are 
entered in Matrix B of Fig. 4. The resulting chi square of 1.202 is 
plotted in Fig. 5 against the hypothesis that 20% of the population 
is recessive. This process is repeated for each successive decile. 
For clarity, some deciles have been omitted from Fig. 3. The re- 
sulting graph, Fig. 5, showed that the fits with the theoretical 
model were particularly good at the 30th and 40th percentile. Ac- 
cordingly, it was determined that the closest fit possible occurred 


Per Cent of Population Recessive 


100 200«- 300, 4.00 
Chi-square (16!) 


Fic. 5. Values of Chi-square for various hypothetical percentages of the 


population exhibiting recessiveness, fitted to a genetic model (artificial data). 


at the 86th percentile, where the resultant chi-square was only .016 
and that the probability value associated with this chi-square 
(df =1) was .90. With real data, the finding that approximately 
86% of the people lack the trait would be cross-validated by follow- 
ing exactly the same procedure with the mother-daughter paired 
scores to see if the best fit of their scores was near the 36th per- 
centile. If it were, it would be further evidence that there was a 
real underlying dichotomy for the continuous test score distribution 
of the variable. 

Two variables, the Symbol Comparison test of perceptual speed 
and the Pitch Discrimination test, a musical aptitude, gave clear 
evidence of fulfilling the requirement that the best fit to the ge- 
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netic model was approximately the same hypothesized a 
for the father-son distribution of scores as it was for the — acid 
daughter distribution. The Letter Concepts test of inductive rez 
soning also showed a possible underlying dichotomy. i aibiite 
Incidentally, I discovered that one can use dichotomic a es : 
with twin data. Let me quickly explain what I did. sng : be 
monozygous and 55 dizygous twins of both sexes, ages 1 sg . 
were obtained on several mental tests from the Thurstone-Stran| 
skov twin data (published in the Psychometric Laboratory i gi 
#12, University of North Carolina). In Figure 6, the scores : 
the Seashore Pitch Discrimination test for each pair of monozygou: 
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Fic. 6. Lines representing 


. 3 ‘ f twin 
twin differences (above) and number of ty 
differences occurring 


at each specific test score (below). 


twins have been plotted and joined by 
the total number of twi 
below this 


a line. Below this are wn 
panning each raw score ant 
d from the tallied numbers. 


ay of represe: 
the score of the first bo 
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Pitch Discrimination 
Fu 
4 i 
Spelling Test 
Por, 


Kohs rk 
PMA Reasoning 
ae ™,, i 


DIZYGOUS TWINS 


MONOZYGOUS TWINS 


Fic. 7. Frequency of MZ and DZ twin differences occurring at each spe- 


cific test score. 
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Fic. 8. Scattergram of the pitch discrimination test scores of 47 pairs of MZ 
and 52 pairs of DZ twins. 


born on a scattergram as in Fig, 8. By drawing a line vertically and 
horizontally from the score at the antimode of the histogram, nearly 
all points should be found in the upper right and lower left cells.* 
Prediction of the number of dizygous twins having concordant and 
discordant scores was made by computing an approximate gene 


*I am indebted to Dr. Ledyard Tucker for pointing out the relationship 
between the histogram and scattergram techniques. 
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frequency from the proportion of monozygous twins in the two 
cells with the assumption of an autosomal mode of inheritance. 
From a scattergram of dizygous twins divided at the same score as 
the monozygous twins, the actual number of dizygous twins having 
concordant and discordant scores was tallied and a chi square test, 
used for goodness-of-fit, gave the p values shown in Table I. 


TABLE I 
Goopness-or-Fit VALUES oF p FOR 
Cur Square 


Test p value 
Pitch Discrimination -077 
Spelling 158 
Kohs Blocks -160 
PMA Reasoning -989 


TRIVARIATE Distrrution 


Another techni 


que to analyze parents and children’s test scores 
would bi 


e to make a trivariate distribution with the fathers’ scores 
on the ordinate, and the mothers’ scores on the abscissa, and the 
children’s actual scores recorded as the third dimension. 

This trivariate distribution would test the hypothesis that the 
mode of inheritance of the trait under study was a simple auto- 
somal dominant-recessive, For example, evidence from the above 
dichotomic analysis of the Pitch Discrimination test scores sug- 
gests that there is an underlying discrete distribution such that 80% 
of the population score “high” on the test and that 20% score “low.” 
Also the evidence suggests that scoring high is recessive to scoring 
low. To check this, a trivariate distribution was made of family 
Scores on the Pitch Discrimination Test. There were 69 families 
where both the mother and father scored high (recessive )- It 


would be expected that all of their children would score high, but 
five of their children scored low. 

I'm a little disa 
T hit the b 


Ppointed here; something ran amiss, I don’t think 
est estimate of the gene frequency, but there were SeV- 
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eral possibilities for errors, possibly in some of my assumptions, 
but I do not have time to go into these. 


Correlational Analysis 


Correlational analysis of parent-child test scores has been inade- 
quate for investigating the presence of hereditary components be- 
cause of the impossibility of assessing the effects of environment 
(Hogben, 1933). However, transmission of a trait determined by a 
gene located on the X chromosome results in some unique family 
correlations (Hogben, 1932; Stafford, 1961). We would expect a 
zero correlation between fathers’ and their sons’ scores, but we 
would expect a significant correlation between fathers’ scores and 
their daughters’ scores since the father passes only his Y chromo- 
some to his son, and passes his X chromosome, containing the gene 
determining the trait, to his daughter (see Fig. 9). Since the son’s 


Father Mother 


gf as wa Be 


Sons Daughters 


Fic. 9. The four possible phenotypes of an X-linked Trait. 

X chromosome comes from his mother, the correlation between 
mothers’ and their sons’ scores should be significant and equal in 
magnitude to that found between the fathers’ and their daughters’ 
scores. The correlation of mothers’ scores with their daughters’ 
would be positive, although somew! 
Mo — So = Fa — Da > Mo— Da > 
Fa — So = Mo — Fa = 0. 


hat smaller in magnitude. 


Presented symbolically: 


‘athers and mothers and their teen- 
were converted to standard 
which as Dr. Cattell pointed 


Several tests were given to fi 
age sons or daughters. Raw _ scores 
scores to partial out age differences, 
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out in his chapter present special problems if the same test is given 
to adults and very young children. Males averaged significantly 
higher than females on two of the variables, the Identical Blocks 
test of spatial visualization and the Mental Arithmetic test of 
quantitative reasoning ability. Because males, having a single x 
chromosome, will manifest a trait determined by a recessive gene 
more often than females, it was hypothesized that the sex differ- 
ences noted above were due to recessive, X-linked genes. 

The family correlation coefficients corrected for attenuation due 
to test unreliability are shown in Table II. Although the fit to Phi 


TABLE IL 
Correcrep anv TueorericaL Famity CorreLations or THE MEN’ 
Aritumetic Test ano tue Ipentican Buocks Test Scores 


Pearson r’s 
(corrected for 
attenuation) 


Sa ee ee Theoretical Phi 
Mental Ident — ee 
N Arithmetic Blocks 20%" 50% += 60%" 
Father-Mother 99 07 05 00 .00 00 
Father-Son 51 08 .03 00 00 00 
Father-Daughter 63 21 36 Al 58 61 
Mother-Son 50 62 Al Al 58 61 
Mother-Daughter 64 25 .22 My 238 88 


* Based on these gene frequencies. 


coefficients based on the 


theoretical gene frequencies should not 
be taken too seriously, 


there is evidence that these two variables 
have a hereditary component which is transmitted by X-linked re- 
cessive genes, Actually, the correction for attenuation was not 
much. The reliability of the Mental Arithmetic test is in the eighties 
and the reliability of the Identical Blocks test was in the high 
eighties. The correction for attenuation was used, of course, be- 
cause the results are being compared to a genetic model, a theo- 
retical model, and I felt that we should see what the coefficients 
would look like had we had a perfectly reliable test. 

There were other tests with a sex difference, spelling ability, for 
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example, but the predicted ordering of correlational coefficients 
did not fit the model. Then, too, with traits such as height and 
weight, although sex differences were significant, there was un- 
doubtedly some homogamy entering into the picture because the 
father-mother correlations for height and weight were .25 and .28 
respectively; so I disregarded these traits because of the assorta- 
tive mating factor. 

Another question arises, and I cannot give you any definite an- 
swer, What about the Mental Arithmetic test and the Identical 
Blocks test? Is it reasonable that out of the ten variables which I 
investigated that these two should be on the X chromosome? In 
my opinion it is not logical but the amount of covariance is rela- 
tively small, 9 to 25%, for various family members, mother being 
the highest, I believe. To check this covariance another way, I 
took mothers who scored high on both tests and examined their 
sons’ scores. Since high scores on these two tests were hypothe- 
sized to be X-linked recessive, all sons of mothers who scored high 
should have also scored high. No such pattern of scores was found 
and I was forced to conclude that these two tests are not measur- 

ut that they are reasonably independent of 


ing the same trait, b ; 
each other, although from other studies I know a correlation be- 


tween them of .3 to 4 persists. I'm still puzzled by it. 

I have tried to give you rather quickly some of the techniques 
that I have been experimenting with, in hopes that someone else 
might apply them to their data. My tentative findings that spatial 
visualization and quantitative reasoning ability are X-linked re- 
cessive, or that pitch discrimination is autosomal recessive, or that 
spelling ability has an underlying dichotomy, are mentioned, not 
because I really believe them, but because I feel that one some- 
times has to put something up to shoot at, or to put it another 
way, I think it is better to stick your neck way out and take a 
chance on being wrong than it is to be too cautious and not make 
any progress. So I have stuck my neck out. sce ee 

In summary, these are the new techniques that se at or ex 
perimentation: correlational analysis with sex differentiate traits, 
dichotomic analysis for parent-child data and twin data, and tri- 
variate distributions with parent-child data. I hope someone tries 
these out, and also perhaps works with some of the variables that 


I have mentioned. 
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Selected Areas of Development of Twins in 
Relation to Zygosity 


Ralph L. Witherspoon 


The literature on twin research reveals a recent return of inter- 
est in the role of heredity in human behavior. A partial answer to 
this question is likewise being sought in the role of what has 
been described as the “twin-situation,” or the unique environmen- 
tal influences due to the happenstance of being twins. During the 
spring of 1960, eleven Florida State University faculty members 
representing seven disciplines became interested in developing a 
5-8-year cooperative study using twins as subjects in order to 
study anew some of the problems. The plan that was developed 
involyed not less than twenty pairs of preschool age twins for at 
least a continuous 2-year period of study of each attribute and 
included: Zygosity reported by the parents is about equal. Blood 
type analyses will be used in the determination of zygosity before 
the final analysis of data is made. To date, this research has been 
financed by the Florida State University Research Council and the 
Institute of Human Development. 

The availability of the Florida State University’s Institute of Hu- 
man Development nursery schools made possible a two-phase 
study: First, a study of the onset of certain early behavior in rela- 
tion to developmental status in monozygotic and dizygotic twins 
was undertaken, including language development, response to mu- 
sical stimuli, and early graphic expression; second, the influence of 
a controlled environmental influence was studied, as provided 
in the nursery school, on the development of these variables and, 
in addition on educational achievement, social interaction, intelli- 
gence, and personality characteristics as revealed by the Chil- 


dren’s Apperception Test. 


A study of the beginnings of graphic and musical expression was 
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deliberately included because talents in the arts are generally be- 
lieved to be strongly under the influence of heredity, while edu- 
cators in these areas rightfully question such concepts. So little re- 
search has been conducted on these aspects of development that 
even pioneer efforts in this direction are significantly important. 
Current interest in the relationship of artistic expression (music, 
art, etc.) to personality development, adjustment, and mental 
health indicates the need for much developmental research in this 
area. 

Because of the age of the twins, the two-phase problem, and the 
length of time the research has been in process, few analyses oan 
be attempted at this time. Consequently, this report is of neces: 
sity descriptive and in the nature of a progress report. However, 
some interesting trends are indicated by an “early look” at mie 
data. Interpretations involving zygosity were made on the basis 
of medical and parent reports and are subject to the limitations 
implied. Since only eight pairs are now in the first year of nursery 


school, tentative findings of the “origins” phase constitute the ma- 
jor part of this report. 


Brief Review of Pertinent Literature 


While longitudinal studies offer the most satisfactory method of 
determining likenesses and differences due to environment or he- 
redity, especially in twin studies, the studies conducted to date are 
contradictory and inconclusive in their findings. All are open to 
criticism either because of inadequacy of sampling, instruments 
used in the collection of the data, questionable determination of 
zygosity, or the procedures followed. There appears, however, t? 
be agreement among existing studies that one-egg twins are more 
alike in physical and mental characteristics, and there is some in- 
dication that they are more alike in personality characteristics than 
fraternal twins or siblings. These likenesses and differences see™ 
to be apparent whether the twins are reared together or apart. 
Since, to date, consistent intra-pair likenesses have been demon- 
strated only in identical twins, it would seem that heredity is more 


important than environment in determining differences. One of 
the most extensive early twin studies was conducted by Newman 
et al. (1987). Subject: 


Ss included 50 pairs of identical twins, 5 


AREAS OF DEVELOPMENT OF TWINS 189 


pairs of fraternal twins, and 19 pairs of identical twins reared 
separately. A time span of 10 years was involved. Identical twins 
were found to be more alike than fraternal twins in all traits 
studied except those classified under personality. Differences in 
mental traits increased with age. It should be noted, however, 
that the personality measures used may be open to considerable 
question in terms of present-day personality evaluation. 
Previous research in language development, particularly by 
Templin (1957) emphasizes the need for further research on the 
impact of environment on speech and language development and 
its relation to social acceptability and the child’s perception and 
cognition. Frequent references may be found attesting to the re- 
tardation of language development characteristic of twins. Day 
(1932) and Davis (1937), reported evidence which indicates that 
twins progressed toward an adult use of language at a relatively 
slower rate than singletons. There is a general consensus of opin- 
ion which attributes language retardation among twins to be due to 
the “twin-situation.” Day (1932) points out that “if in the twin- 
situation each child has the other for a model in speech a larger 
proportion of the time, rather than adults or older children as in 
the case of singletons, perhaps we may expect slower progress 
with the poorer model.” Luria and Yudovich (1959) observed 
that “twins did not experience the necessity of using language to 
communicate with each other.” They further conclude that the 
twin-situation does not create an objective need for developing 
language and thus constitutes a factor that fixes the language re- 


tardation. 
elopment has been regarded as a 


Traditionally, language dev ! 
product of the gradual maturation of intellectual structure and 


function. Very little thought or investigation has been given to 
attempting to define the precise significance of language as it is 
related to the development = oom ponngh eae ae 
oy inni ear in the literature, espe ‘ 
Sion ty voter oie which indicate that a study of lan- 
guage might be the most profitable approach to the understanding 
of the mental development of the human organism. Templin 
(1957), Davis (1937), and McCarthy (1949, 1954) have contrib- 
uted much to the methodology of studying language development 


in children. 
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While there is a sizable body of literature on graphic expression, 
music, and the development of a self concept in young children, 
from an extensive review of nearly two hundred studies, it would 
appear that there has been little systematic research with twins 
that relates specifically to this investigation. To date, most of the 
investigations in these areas have been concerned with the iden- 
tification of developmental norms, and have used singletons. 

Dennis (1935, 1938, 1941) reported no appreciable difference 
from other children in social development of twins during the first 
14 months of life. However, the studies of Kent (1949), Karpman 
(1951), and Mowrer (1954) suggest that the social development 
of twins differs from that of singletons. While these studies are rep- 
resentative of the kinds of investigations which have been done 
which relate to our investigation of the social interaction of twins, 
their results preclude definitive statements concerning differences 
between twin and non-twin children because of small samples, ob- 
vious bias of clinical interpretations, and limitations inherent in the 
methods utilized in the collection of the data. While Slater (1951, 
1953) found that seven of his one-egg pairs “despite almost identi- 
cal personalities” failed to present concordant psychoneurotic his- 
tories, Shields (1953) found monozygotic twins (69%) more than 
twice as likely to have the same degree of adjustive difficulty as 
dizygotic twins (81%). The genetic contributions to “neurotic unit 
predisposition” was estimated to be as high as 80% by Eysenck and 
Prell (1951). Their findings led them to favor a classification of 2 
neurotic personality factor as being a biological and largely a gene- 
Specific entity. Dennis (1935, 1938, 1941), as noted previously, re- 
ported no appreciable difference from other children in social de- 
velopment of twins during the first 14 months of life. Burlingham 
(1947, 1949, 1952) concluded that in the case of identical twins 
(3 sets), twin interaction seemed not only to provide security wn- 
der disturbing conditions but also to serve as a barrier against new 
contacts. Newman et al. (1937) reported a .96 correlation i” 
achievement for unseparated identical twins, .51 for separated 
identicals, and .88 for fraternal twins, 
ig (1958), on the basis of an intensive study of twins, sib- 

§s, and foster children, concluded that differences in intelli- 
gence, like differences in stature, were more dependent on the ac- 
tion of numerous genes than on environmental conditions. Thes¢ 
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findings confirm those of Jones (1955). However, the work of Sko- 
dak and Skeels (1949) and of Newman et al. (1937) indicates the 
importance of environmental factors. 


Research Plan and Some Tentative Trends 


All twins are being studied longitudinally from age 6 months. At 
age 3, or somewhat earlier if necessary to fit the school year, the 
twins are admitted to nursery school for a minimum of 2 years. 
Schedules are administered at 3-month in- 
tervals prior to age 3, and the 1960 revision of the Stanford-Binet 
is given thereafter at 6-month intervals. A complete family his- 
tory is made for all nursery-school children, school children, twins 
and non-twins, before admission to nursery school. This informa- 
tion, along with the results of an annual physical examination, will 
be used to interpret any artifacts in the final data. Periodic non- 
sleep electroencephalograms have been attempted but have not 
been very practical to date, since as C. E. Walters found, it is dif- 
ficult to get the “resting” cooperation necessary. Nursery-school 
groupings have been arranged to study the relationship of lan- 
guage-enriched versus regular nursery-school experience on lan- 
guage development. One member of each twin-pair is enrolled in 


a language-enriched nursery-school program as Experimental 
ht be a tendency for the first-born of 


Group B. Since there mig! 
twin pairs to be more advanced in language development, both 
Experimental Group A and Experimental Group B consist of 10 


first-born and 10 second-born twins. A similar number of non- 
twins in each group serve as @ control group. Both experimental 
groups and the control group were administered the following tests 
at the beginning and termination of the first school year, and they 
will be given again at the close of the second school year: the 
Templin-Darley Articulation Test, the Peabody Picture Vocabulary 
Test, the Templin Sound Discrimination Test, a vocabulary usage 
test, the Stanford-Binet Intelligence Scale, Form L-M, and the 
Children’s Apperception Test. Byrd and ‘Witherspoon (1954) de- 
veloped a normative approach for scoring personality variables 
from protocols of the Children’s Apperception Test (CAT). Ex- 
tensive longitudinal work on this method is in progress but is not 
teady for publication at this time. Commonly employed hearing 


Gesell Developmental 
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screening tests assure that all subjects will have normal auditory 
perception. All groups will continue in the nursery school for 2 
academic years. 

Normative data indicate that the average child begins to talk 
—or to use oral expressive behavior—between 12 and 18 months of 
age. Schendel earlier found the range of onset of oral expressive 
language for 14 pairs of twins in this study to be from 9 months 
to 30 months. The mean onset was 14.6 months. The onset occurred 
by, or before, 18 months of age for all pairs except one. It 
would thus appear that the onset of oral expressive behavior in 
twins tends to fall within the normal age range. Schendel (1963) 
suggests that “it is possible that the initial attempts at ‘talking’ in 
twins are made at the normal ages but that the environmental re- 
inforcements to these attempts are missing which then results in 
retardation of future growth. It is possible that onset of speech is 
determined by physiological readiness but that further develop- 
ment is influenced by environmental factors.” On the basis of data 
collected to date using the Templin-Darley Articulation Test, the 
Templin Sound Discrimination Test, a test of vocabulary usage, 
and the Peabody Picture Vocabulary Test, it appears that articula- 
tion development in twins is about equal to or better than the pub- 
lished norms for their age group. However, the non-twin controls 
in this study appear to be even more advanced. Generally, the 
twins appear to be slower in developing vocabulary of recognition 
than the non-twin controls. . 

The incidence and nature of spontaneous and evoked responses 
to music stimuli among infant and very young twins and singletons 
was studied by Simons (1962) in an intensive l-year study using 
12 pairs of same-sex twins from the larger sample and a like num- 
ber of singletons matched by sex and age. Subjects’ ages ranged 
from 9 months to 31 months, Tests and observations of the forty 
eight subjects were made in each of the children’s homes for 4 
consecutive months. Each study period was approximately 40 
minutes in duration. Gross and imitative responses to recorded 
stimuli were observed as well as responses during “free play” ac- 
tivities. Recorded stimuli included brief rhythm patterns, brief 
pitch patterns, brief musical phrases, and brief songs (unaccom- 
paniad). This study established the fact that children of this age 
Tange can and do tespond to varied controlled musical stimuli. 
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The combined aggregate scores of twin-pairs differed from those 
of non-twin control-pairs, revealing that responses to music were 
significantly less (at the .005 level of significance) for twins than 
for singletons. Responses for piano stimuli were greatest to rhyth- 
mic music, less to melodic music, still less to harmonic music, and 
least to dissonant music. An interesting finding is that while earlier 
responses were observed at about the same time for twins as for 
non-twins, both the frequency and degree of imitative response to 
rhythm, pitch, phrases, and songs, decreased for the twins during 
the period of the study, while the same response scores of single- 
tons increased during the same period. It is possible that some of 
the factors in the “twin-situation,” especially those related to needs 
rather than developmental retardation were involved in this find- 
ing. 
Mooty and Schwartz (1963) using free expression crayon draw- 
ings, on the basis of 85 test situations with three pairs of twins and 
judged on the Kellogg Scale, indicate that twins, regardless of zy- 
gosity, appear to be very much alike developmentally. That is, 
both twins of each pair tend to evidence general developmental 
changes in their drawings at about the same age and at about the 
same age as non-twins (Fig. 1). However, on measures of expan- 


7 ee le ee 


Age in Months 


Fic. 1, Mean developmental change in graphic expression of twin pairs on 


Kellogg scale. 
onstriction-freedom, no similar patterns 
Were apparent. Later data will include results of the Bender Mo- 


-A-Man Test. 
ss + and Goodenough Draw A-) 
ne ae tau of 164 Gesell Development Schedules ad- 
Se aa HE f probably monozygotic twins and six 


ministered to eight pairs © 


Siveness, pressure, and c 
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igni dif- 
airs of probably dizygotic twins found no significant D. Q. 
imate ee iii by zygosity groups. As mentioned pret 
zygosity determination by bloodtype testing is to be done a her 
end of the data collecting period. However, at all ages teste ‘ 
twins as a group evidenced considerable developmental pe von 
ing from an average of .3 months to 3 months in motor deve P 
ment and from 1.3 months to 6 months in language developmen 
when compared with established norms (Fig. 2). No significant _ 
tra-pair differences were found between the developmental sta a 
of first-born and second-born twins, whether the twins were mono 
zygotic or dizygotic or as a combined group, using the Wilcoxon 


Adaptive ---—- | 
B) Language —-—— 


“7 6 -5 -4 -3 -2 -1 0 


4 
DEVELOPMENTAL LAG (months) 


Fic. 2. Mean developmental lag in motor 


, adaptive, and language develop- 
ment of 14 pairs of twins. 


Matched-Pairs Signed-Ranks Test (Fig. 8). There was a_ signifi- 
cant difference in favor of motor development when each twin was 
matched with self on language and motor development at 12, 
and 21 months of age. However, the difference was not significant @ 


ages, 24, 33, and 36 months. It must be kept in mind that “ 
Gesell schedules are only a gross index of language developmen 


and that there is considerable over-all developmental lag in both 
areas as previously indicated. 

Connor and J. Walters, using a 1 
nique to appraise social interaction, i 
resemble each other 
they resemble their 
to be a function of a 


-minute time sampling tech- 
indicate that twins more nearly 
in their total pattern of social interaction than 
singleton controls. Differences found appear 
Se, sex, and developmental differences rather 
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than reported zygosity. Since this part of the research requires a 
group setting only a limited number of social interaction observa- 
tions have been made. 

Since Stanford-Binet tests of intelligence are not given prior to 
age 8, only sixteen reported identical-pair and eight fraternal-pair 
tests were available. Mean intra-pair 1Q differences were 4.2 for 
monozygotic pairs and 6.35 for dizygotic pairs ( Witherspoon, 
1963). The research of Hammond and Skipper (1963) related to 
achievement begins at the middle of the first academic year of at- 


tendance in nursery school. Therefore, not enough data were avail- 
able at this time to be included. 


$a & 


AGE IN MONTHS 


AGE IN WEEKS 
3 


75 80 85 90 95 100 105 


; 5 70 
ae; ‘fo DEVELOPMENT 


Fic. 3. Mean language and motor development of first (Twin 1) and 
second (Twin 2) born twins. 

made independently by Mooty 
1963), and Simons (1963) is 


avioral responses of twins, re- 


A highly significant observation 
and Schartz (1963); swe A : 
the fe onset of early 
palin Seat appears developmentally at — the same 
time as for singletons. With the passage © ee, ion ever, ss gle- 
tons tend to make more use of and/or to ae ect ear y are ere 
Pression, language, and music responses wht e — ) ane 
to, Suck evidence, if supported by more extensive data and fur- 
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ther research, would support the contention of Luria eal 
vich (1959) that a fruitful area of research lies in “a study o be 
child’s mental processes as a product of his intercommunica si 
with the environment, as the acquisition of common hen mooie 
transmitted by speech . . .” It would, therefore, seem highly li " 
that the often reported speech, social, and mental retardation 
twins could be due to a unique environmental circumstance, 
namely, the “twin-situation.” This uniqueness may be even are 
pronounced for monozygotic twins than for fraternal twins ce 
would account, at least partially, for the greater “alikeness” of thei 
behavior as indicated by the results of previous research. 
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A Design for the Siudy of the 
Inheritance of Normal Mental Traits! 


Ruth Guttman 


Introduction 


Estimating the role of heredity in the determination of the large 
majority of human traits has encountered at least two major diffi- 
culties: (a) eliminating the effect of the environment and (b) vir- 
tual impossibility of conducting breeding experiments. With re- 
spect to normal mental traits, there is the additional difficulty of 
defining the specific behavioral characters which constitute stable 
and measurable human phenotypes over varied population sam- 
ples, in spite of differences in cultural and educational back- 
grounds. 

The proposed investigation is to explore a new kind of emphasis 
for gathering and analyzing data that may help overcome these 
difficulties, Past studies of human groups have concentrated 
largely on differences between averages or proportions. Some 
subpopulations are known to be taller on the average than others, 
or to have a higher frequency of a certain blood type than others. 
Most human traits are highly complex: analyses of their heritability 
and modes of inheritance by use of averages and proportions are 
often impossible. The research proposed here aims to overcome 
some of these difficulties and to provide a new method for examin- 
ing profiles of traits in human populations. 

Perhaps one of the reasons why so little is as yet known about 
the inherited mental potential of the individual is that studies on 
human abilities have hitherto been devoted largely to analyses of 
differences between averages of subpopulations. This has been 


2 The outline of this design was prepared in collaboration with Louis Gutt- 
man, Chaim Sheba, Marassa Bat-Miriam and Avinoam Adam. 
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true of ethnic and racial studies in the United States and elsewhere. 
Educators in Israel, too, have shown that there are differences in 
arithmetic means on tests of various mental abilities, as well as of 
school achievement, among the various ethnic groups. 

The biological significance of such differences and the role of en- 
vironment on their production remain relatively unknown. ae 
may be thrown on these problems by going beyond averages a 
studying the interrelations, or covariation, of such traits. Of par- 
ticular interest is the question whether the same pattern of rela- 
tions exists for each ethnic group. It is possible for a pattern of co- 
variation to be invariant across ethnic groups, even though these 
groups may differ for each trait separately. 

Cross-cultural invariance in two groups was reported by Vanden- 
berg (1959) in a factor analytic study. Vandenberg compared the 
results of twenty identical tests: the first set administered in 1938 
by Thurstone to American College students, the second by himself 
in 1954 to 92 Chinese students attending 7 American Universities. 

Stability of a pattern of intercorrelations has already been shown 
in a previous project for scholastic achievement in 14-year-olds in 
Israel (Guttman & Guttman, 1963).2 The achievements on na- 
tional stipend examinations of Israeli eighth grade elementary 
school pupils were examined by means of a multivariate correla- 
tional analysis. 18,031 pupils out of 13,500 who completed 8th 
grade in 1955 took the tests, The proportion of boys and girls was 
almost exactly 1:1, Sixty-one percent of the pupils were Israeli- 


born. Of the immigrant children, about 50% came from Oriental 
countries; while 20% of the Israeli-born children had parents who 
immigrated from the Orient. 


Table I gives the subpopulations studied according to country 
of origin of father, mother and pupil. 

A further subdivision of the pupils with respect to the number of 
years they had been in Israel at the time of the test, as well as to 


their sex, and the type of school they attended, provided some 


40 groups for whom mean scores and interrelation between scores 
could be calculated, 


Table IT shows significant differences in achievement of the dif- 
ferent groups in the six test areas. It comes as no great surprise 
* The research reported in this st 


udy was supported by Grant M-5159 from 
the U. S. National Institute of Ment 


al Health. 
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that Israel-born children of European parentage generally did bet- 
ter on these tests. The possible causes for such differences have 
been discussed at length before and provide no clear information 
on a possible biological basis for individual differences in scholas- 
tic and other forms of achievement. 

Our next step brings us, we hope, somewhat closer to such an 
understanding. In analyzing the intercorrelations between the 
scores of the six tests, we found that a definite order, namely a sim- 
plex pattern existed among them. That is, the correlation coeffi- 


TABLE I 
Country ov Onicrx or CutLpreN TESTED IN THE 1955 St1pPEND EXAMINATIONS 


anp Country or Ortain or Tuer Morners anp Fatuers 


Pupil Father Mother 
Israel Israel Israel 
Israel Jraq Iraq 

Iraq Iraq Iraq 
Israel Persia Persia 
Persia Persia Persia 
Israel Yemen Israel 
Israel Yemen Yemen 
Yemen Yemen Yemen 
Israel Near East Near East 


Near East 
Israel 
Morocco 
Israel 


North Africa 
Israel 


Southern Europe 
Israel 


Israel 
Israel 


{ Europe 
North America 


(Syria, Lebanon, 
Turkey) 

Near East 

Morocco 

Morocco 

Other North African 
countries (Egypt, 
Tripoli, Algeria) 

North Africa 

Southern Europe (Italy, 
Greece, Yugoslavia, ete.) 

Southern Europe 

Israel 


Europe and North America 
Europe and North America 


Europe 
North America 


Near East 
Morocco 
Morocco 
North Africa 


North Africa 
Southern Europe 


Southern Europe 

Europe (Central, 
Northern, Eastern, 
North America) 

Israel 

Europe and North 
America 


Europe 
North America 


COS 


Mean Scores or Dirrerent Grovurs or CuiupreN oN THE 1955 Excutn Grape Sripenp Examinations 


TABLE IL 


Mean Score (percent) 


Group 
ia, ah Number Arith-  Vocab- All 
Father Mother Pupil¢ Tested Blocks metic ulary Civies History Bible subjects 
Traq Iraq Traq (1-3) 181 49.31 60.17 51.387 59.67 52.74 65.26 56.47 
Traq Traq Iraq (4) 470 45.71 56.73 50.76 59.00 46.67 68.11 53.66 
Traq Traq Traq (5) 163 45.26 55.28 54.82 61.37 50.26 61.15 54.69 
Traq Iraq Traq (6)+ Israel 178 45.94 59.56 §=59.63 59.67 54.638 72.11 58.59 
Yemen Yemen Yemen (3-5) 212 34.48 49.76 51.52 53.26 46.81 69.70 50.92 
Yemen Yemen Yemen (6) 125 40.87) 50.91 53.28 57.15 61.44 72.70 55.98 
Yemen Yemen Yemen (7+) 114 44.88 52.90 57.26 58.383 47.19 73.15 55.62 
Yemen Yemen Israel 381 43.04 49.46 58.03 63.63 49.48 68.74 55.40 
Persia Persia Persia (2-5) 112 38.238 48.69 45.56 52.81 49.15 77.47 51.99 
Persia Persia Persia (6++-)+ Israel 112 41.74 52.59 57.01 56.63 51.83 72.48 55.30 
Morocco Morocco Morocco (1-5) 112 49.61 51.75 58.87 58.85 48.84 52.59 53.42 
N. Africa N. Africa N. Africa (1-5) 197 36.25 57.80 52.21 58.56 50.22 65.41 53.41 
N. Africa N. Africa N. Africa (6+) Israel 1160 «48.387 51.01 58.49 60.41 52.37 69.93 56.73 
S. Europe S. Europe 8. Europe (2-5) 108 50.10 60.55 954.15 71.52 57.00 64.74 59.68 
S. Europe S. Europe S. Europe (6) 269 49.99 61.39 61.24 64.67 58.41 69.44 60.69 
S. Europe S. Europe S. Europe (7-8) 124 49.61 59.48 61.84 64.87 54.78 66.74 59.47 
S. Europe S. Europe Israel 210 51.06 60.17 61.69 61.52 58.11 67.41 59.16 
Eur. + Eur. + 
N. America N. America Eur. + America (1-8) 130 61.69 64.45 57.95 67.78 61.37 67.77 63.50 
Eur. + Eur. + 
N. America Eur. -+ America (4) 396 50.40 63.15 59.02 64.30 52.22 67.56 59.44 


N. America 


Eur. + Eur. + 


N. America N. America Eur. -+ America (5) 383 54.74 63.53 64.07 67.19 61.70 72.56 63.97 
Eur. + Eur. + 
N. America N. America Eur. + America (6) 482 51.44 62.00 64.76 64.22 63.11 73.67 63.20 
Eur. + Eur. + 
N. America N. America Eur. + America (7) 268 51.22 61.69 66.51 67.25 63.74 74.26 64.11 
Eur. + Eur. + 
N. America N. America Eur. + America (8) 171 56.04 63.99 68.58 68.15 61.67 63.93 63.73 
Eur. + Eur. + 
N. America N. America Israel 4501 57.88 67.28 72.56 79.44 66.93 76.19 69.05 
Israel Eur. + 
N. America Israel 280 55.43 64.15 71.33 69.07 63.85 74.11 66.32 
Eur. + 
N. America Israel Israel 313 56.81 67.63 71.79 71.74 65.70 78.63 68.72 
'2 Israel Israel Israel 524. 48.39 59.48 64.68 53.19 55.52 70.15 58.57 
Abas Mean Score (percent) 
Group Tested Blocks Arithmetic Vocabulary Civics History Bible All subjects 
Religious schools 3449 45.64 54.56 55.15 55.22 54.87 71.55 56.17 
Non-religious schools 9550 46.23 62.91 63.14 63.44 55.17 71.30 60.37 
Boys—born in Israel 3843 58.66 67.03 63.47 63.15 63.24 71.76 64,55 
Boys—immigrant 2598 51.50 61.10 59.30 63.32 55.11 63.69 59.00 
Girls—born in Israel 3903 43.53 60.76 55.63 63.06 54.91 72.13 58.34 
Girls—immigrant 2439 44.24 55.41 56.81 54.93 46.80 63.17 53.56 


¢ In parentheses = Number of years in Israel 
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cients formed a definite pattern, in which the first item, in this 
case blocks, always had the highest correlation with arithmetic, the 
next highest with vocabulary, and so on. This pattern (see Tables 
III-XII) holds, regardless of the background of the child, the coun- 
try of origin of his parents, whether he went to a religious or sec- 
ular school, regardless of sex: the order of the intercorrelations al- 
ways remains the same, 

We have not attempted to explain the nature of the order 
found. Our hypothesis is that when we find a definite pattern that 
is constant over different groups, a biological basis for such a pat- 
tern may exist. Invariance of pattern may be considered a neces- 
sary, though not a sufficient, condition for an underlying biological 
basis of the pattern. 

A somewhat similar battery of tests is administered to eighth 
grade pupils every year. The number of tests and their content 8 
decided upon afresh each time, In 1959 and 1960 data were again 
available on ethnic background of the children and their parents. 
We took advantage of this fact to calculate and analyze the correla- 
tion matrices of the ten tests for over 35,000 pupils. These we sub- 
divided into about twenty groups according to sex, area of origin, 
and number of years in the Israel school system. Again mean per- 
formance was highly variable among the different subcultures. A 
preliminary analysis indicates again cross-cultural stability of the 
structural pattern of the correlations between the ten test areas. 


This time the pattern is not essentially one-dimensional like the 


simplex of the six 1955 tests, but rather a three-dimensional radex. 


The configural analysis is being made possible by a new nonmet- 
ric technique. The technique is described by Guttman (1965). The 


results on the cross-cultural stability on these 1959/1960 radexes 
are being Prepared for publication. 
It is the knowledge 


that has led us to the 
which I should like to 


to 


AccorpinG To Typrr or Scnoon 


TABLE III 


INTERCORRELATIONS oF ScoRES ON THE SIX AREAS OF THE 1955 STIPEND EXAMINATIONS 


Religious Schools 


Non-religious schools 


1 2 3 4 5 6 1 2 3 4 
1. Blocks — 8% 60 54 51 44 — 66 .62 «6b 
2. Arithmetic a 74.63.6560 66 — 73 .b9 
3. Vocabulary 60.74 — 66 172.67 62 .73 — 8 
4. Civics 54 636s ——i8GOC«Ci« 51598 
5. History 51 65.7286 CS 46 60.628 
6. Bible 440.600 67) Hg 44 «45966 i(iC? 


TABLE IV 
INTERCORRELATIONS OF Scores AccorpING TO SEX AND Country or Bintn or Pupit 


A. Boys—Israeli B. Boys—Immigrant 


1 2 3 4 5 6 1 2 3 4 5 6 

1. Blocks = -66 -61 44 40 85 = -70 67 52 AT 42 
2. Arithmetic 66 _ 74 54 55 52 -70 = 71 60 -60 56 
8. Vocabulary 61 74 —_ -58 -60 54 67 avd _ 66 55 63 
4, Civies 44 54 58 = 71 37 52 60 -66 _ 78 -70 
5. History -40 55 -60 aya = 75 AT -60 55 78 — 79 
§ 6. Bible 35 52 54 .37 75 = -42 56 63 70 79 — 

C. Girls—Israeli D. Girls—Immigrant 

1 2 3 4 5 6 1 2 3 4 5 6 
1. Blocks _— .66 61 44 42 85 — 67 58 Ad 46 40 
2. Arithmetic -66 _ 73 .59 59 51 67 = 73 67 61 -59 
3. Vocabulary 61 73 _ 63 -61 52 58 73 _ 66 -66 62 
4, Civies 44 59 -63 ad 76 63 49 67 66 _ 75 76 
5. History 42 .59 -61 -76 — ath 46 61 -66 75 = 80 
6. Bible .85 51 .52 63 mri | _ 40 -59 62 -76 .80 — 
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TABLE V 


INTERCORRELATIONS OF Scores or E1curH Grapes, Wuosr Parents Were Boru Born 


in Iraq? 
A. 1-3 Years B. 4 Years 
bi 2 3 4 5 6 1 2 3 4 5 6 
1. Blocks — 710.639.550.466. 485 = .662 = 639 .519 494.499 
2. Arithmetic -710 _ -732 .595 «600.566 -662 _ .731 .597 602.604 
3. Vocabulary -689 — .732 _ -680 .680 .676 -639 = .731 _ -676 6388 == .654 
4. Civies -550 595 =. 680 = 780 =. 769 -519 .597 =.676 = -809  .785 
5. History 466 =.600 =.680 =. 780 —_ 779 -494 .602 = .638 ~—-. 809 = 838 
6. Bible -4385 566 = «676.769. 779 _ 499 .604 .654 .785 .838 — 
C. 5 Years D. Over 6 years and born in Israel 
hi 2 3 4 5 6 1 2 3 4 5 6 
1. Blocks = -612 611 -506 466 =. 898 _ 688 .592 .5380 .471 .378 
2. Arithmetic 612 = -755 625.701.6656 -638 _ 734 .608 .566 = .498 
3. Vacabulary -61L 755 i -750 680.642 592.734 _ 624 .590 .576 
4. Civies -506 .625 .750 = 764 = .626 530.608 =. 624 _ -733 708 
5. History 466.701 =.680 =. 764 _ 757 471.566.590.738 = 735 
6. Bible -398 .656 .642 626 .757 = 378 =.498 .576 = .7038— £785 _ 


¢ A, B, C, D denote length of time pupil has been in Israel. 


TABLE VI 


INTERCORRELATIONS oF Scores oF ErcutH Grapers, Wuose Pare 
Were Born Born 1n YEMEN 


A. 3-5 Years B. 6 Years 


1 2 3 4 5 6 1 2 3 4 5 6 
1. Blocks _ 625 .540 .568 456.427 — . 734 650 629 450.528 
2. Arithmetic 625 _ .679 631.653. 606 734 _ .750  .654 = .628 ~—. 648 
3. Vocabulary .540  .679 —_ .588 .559 .685 -650 750 — 685 696.694 
4. Civies .568 .631  .588 — .773 «871 .629 .654 = 685 _— .827 =. 812 
ei 5. History 456 .6538 .559  .773 _ «129 -450 628 696 827 — 846 
g 6. Bible 427 .606 .685 .871 .729 — 528 .648 .694 .812  .846 _ 
C. 7 or more years D. Born in Israel 
1 2 3 4 5 6 1 2 3 4 5 6 
1. Blocks — 669 .567 .445 422.370 — .628 .570 .325 .285 .322 
2. Arithmetic 569 _ 695 .565 .538 553 -628 = .720 .467 «479.540 
3. Vocabulary .567 — .695 = -617 .5386—.607 -570 720 = .523  .557 —. 560 
4. Civies 445 565.617 — .777—-.688 .825 467.528 _ -784 733 
5. History .422 .588 .5386— «777 = -798 .285  .479 .557 «784 = 783 
_ 322.540 +.560 =.733— «783 = 


6. Bible .870 «.853— «607 688.798 


TABLE VII 
INTERCORRELATIONS OF Scores oF Eicutn Grapers, Wnose Parents 
Were Born Born 1 Persia 


A. 2-5 Years 


B. From 6 years to Israel born 


606 


5 6 1 2 3 4 5, 6 
1. Blocks — 673 .563 .554 .477  .443 — 618 .458 .422 .446 .329 
2. Arithmetic 673 — 859.593.580.658 61s — 628.514 611.443 
3. Vocabulary .563 .859 — 665 .640  .608 458 — .628 _ 540.582. 5389 
4. Civics 554 598665 789 © 632 422 514.540 — 778.660 
5. History 477.580 «640.799 — —s—=# 786 446 611 .582 .778 —  .769 
6. Bible 443.658 =«.608 = 632). 786 — 329.448 539 «660 «£769 — 


OIG 


TABLE VIII 


INTERCORRELATIONS OF Scores or Ercutn Grapers, Wnosre Parents Were Born Born 1x 
Morocco (A) anp Orner Nortn ArricaAn Countries (B anp C) 


A. Less than 5 years B. 1-5 Years 

i | 2 3 4 5 6 1 2 3 4 5 6 
1. Blocks _ -665 .597 .530 .499 351 _ 698 .525  .486 .446 .391 
2. Arithmetic 665 = — 528.638 .635 = .555 698 — 690.675 583.550 
8. Vocabulary 597.528 — 700 .734 =. 634 -525 = .690 — 701.720.3896 
4. Civies 530.638 .700 = -724 672 -436 = .675—. 701 _— 860 .752 
5, History 499 .635 .734 724 — 795 -446 .583 .720 «860 — 757 
6. Bible 351.555.634.672). 795 = 391 550 .396 .752 .757 — 

C. Over 6 Years and Israel-born 
1 2 3 4 5 6 

1. Blocks _— -635 618 =.502,— 518.453 

2. Arithmetic -635 =— 707.564.520.489 

3. Vocabulary 618.707 _— 511.555 516 

4. Civies 502.564. BL _ 754.693 

5. History 518.520. 555 7H4 0 813 

6. Bible 453 -489 516 -693 813 — 
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TABLE IX 
IyTERcorRELAtIoNs or Scores or Eicutn Grapers, Wrost Parents Were Born Borx 1x Soutmers Evroreax 
Coentries (Irary, Greece, Bricaria, Yucosiavia, Spars, Evropran TurKEY) 


A. 2-5 Years B. 6 Years 


1 2 3 4 5 6 1 2 3 4 8 
1. Blocks — .690 .666 .530 .504 441 — .677 580 .539 482 
2. Arithmetic 690 — .744 .591 .643 527 6770 .705 593.610 
3. Vocabulary -666 .744 — .659 .667 541 680 .705 — 608 642 
4. Civies 530.591 659 — S842 75 539.593 > .608 = — 772 
5. History 504.643.667.842 — — #760 482.610.642.772 
5. Bible 441.5270 541.715) 6760 — 468 603.691.772.839 
C. 7-8 Years D. Born in Israel 

1 2 3 4 5 6 1 2 3 4 5 
1. Blocks — .665 .625 .546 404 349 — 678.615.3876 881 
2. Arithmetic 665 — 806 .665 674 636 678 — 706.524. 546 
3. Vocabulary 625.806 = —  .667 .698  .655 65 2706 — 603.586 
4. Civies 546 665.667 — S785. 712 376.524.6038 C786 
5. History 404.674.698.735 = — 806 381.546.596.736 
6. Bible 349.686.6550 #712). 806 — 382.550.611.706. 777 


GIt 


CrentRAL, EAsterN, AND WerstTERN Evrorpe anp Nortn AMeERIca 


TABLE X 
INTERCORRELATIONS OF Scores oF ErantH Grapers, Wuosr Parents Were Botn Born IN 


A. 1-3 Years B. 4 Years 
1 2 3 4 5 6 1 2 3 4 5 6 
1. Blocks = -706 = .373 465 .460 .289 = 689 596 .528 471 406 
2, Arithmetic - 706 _ 508 460 519 422 -689 — 691 .626 467.574 
3. Vocabulary -873 — .508 = 527.553. 507 -596 691 — 600.583. 483 
4, Civies 465.460.5270 — 726 = .660 -528 626 =. 600 _ 777.726 
5. History 460 .519 .553 726 — 797 471.467). 583 777 — 793 
6. Bible -289 .422 .507 660 =. 797 = 406.574 483 -726 — .793 = 
C. 5 Years D. 6 Years 
1 2 3 4 5 6 i 2 3 4 5 6 
1. Blocks = 694 .599 459.434.4382 = 667 =. 561 473.872. B74 
2. Arithmetic 694 — 742 552.582. 549 667 — 766 = .582, 589.539 
3. Vocabulary .599 742 — 378 .619 570 -561 .766 — 617.604. 616 
4. Civies 459.552.8378 = 77 690 473 582.617 = 765 807 
5, History .484 .582 .619 CAL. = 758 .3872 =.539 «604 765 = 799 
6. Bible -432  .549.570 690 .758 — .3874 539.616.807.799 sas 


w 
w 


F. 8 or More Years 


2 3 4 5 6 1 2 3 4 5 6 
1. Blocks _ -656  .603 496 = .420—s 448, — -750  .720) 458 473.483 
2. Arithmetic 656 = 733.572) 588.585 750 _ 646.579 G17. 6 
3. Vocabulary 603.733 _ 910.689. 574 -720 646 _ 575.597). 683 
4. Civics 496 .572 910 — 808  .704 -458 579575 _ 742.698 
5. History 420.588 .639 .808 =_ 765 -473° 617.597. 742 — 804 
6. Bible 448.585.574.704 765 — -483 0.611.638) .698 = 804 — 
G. Born in Israel 
1 2 3 4 5 6 

1. Blocks _ 710.571.4238) 375 842 

2. Arithmetic -710 — 712.518 = 6582). 485 

3. Vocabulary 571 -712 — 519.541 522 

4. Civics .423 .518 = .519 Ss 691.621 

5. History -375 «.5382) 541.691 _— 757 

6. Bible -342 .485 .522 .621  .757 _ 
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TABLE XI 
INTERCORRELATIONS OF Scores or Ercutn Grapers, ONE Parent Born 1x Evrore or 
Nortu America, THE Orner Parent AND THE CHiLp IN IsraeL 


A. Father Born in Europe 


B. Mother Born in Europe 


1 2 3 4 5 6 1 2 3 4 5 6 
1. Bloeks _ 625.606 =.449 333 212 = 693 628 460.401.3829 
2. Arithmetic 625 _ 740.552.521.465 693 — 734 554.583 A771 
3. Vocabulary -606 — .740 _ 513.588. 460 -628  .734 = 564.564. 552 
4. Civies 449 552.518 ies 746 602 460.554. 564 _— 744.659 
5. History .333 521.588. 746 _ 754 01.533 564. 744 = 756 
6. Bible -212. 465 460.602. 754 = -3829° 471.552 659.756 =e 
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To aid further in the study of intergenerational transmission, two 
sibs of different ages will be used in each family, one of 18 years 
and the other as close to 14 years as possible. This will enable 
studying not only the correlations between sibs, but also parent- 
child correlations at different ages of the child. 


TABLE XII 
Born Parents anp Cuitp Born in Israev 
1 2 3 4 5 6 
1. Blocks _— . 684 -608 577 491 455 
2. Arithmetic 684 — 734 621 594 603 
3. Vocabulary 608 734 _ 654 659 642 
4. Civies .577 621 654 = 773 680 
5. History 491 594 659 773 — 775 
6. Bible 455 603 642 - 680 775 — 


Our purpose, then, is to focus on the inheritance of covariation 
rather than on separate traits, on a family basis. 


Methodology and Procedure 


Tur SAMPLE 

Upon reaching their eighteenth birthdays, all boys and girls 
who were born in Israel or are permanent residents or the children 
of permanent residents, are required to appear at their local Draft 
Board for a physical examination prior to decision whether they 
will be liable for military service. Our plan is to obtain our informa- 


tion from youths (male and female) who have both parents—and 
at least one sib between the ages 14-17—accessible for testing. 


About 25,000 eighteen-year-olds were recorded in the 1960 cen- 
sus of Israel. Of these, approximately 5000 families (subject, 
mother, father, sib), or 20,000 individuals will be chosen for study. 
arents and aunts and uncles live in the same 
community (which is quite common in oriental communities) note 
will be taken of the fact for possible subsequent analysis of an ad- 
ditional generation and construction of pedigrees. The countries 
of origin of the parents will include at least Yemen, Morocco, 
Iraq, Kurdistan, Algeria, Central and Western Europe, North and 


Whenever grandp' 
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South America, South Africa and marriages between members of 
these groups. : 

The 18-year-olds as well as the younger high-school age sibs 
will be chosen regardless of the amount of formal schooling that 
they or their parents had. The use of youths over 14 is suggested 
so that the anthropometric measurements will be most useful. Also, 
the same mental tests can generally be used on the parents. 


THE Traits 


The characters to be studied will be of two varieties, mental and 
morphological-physiological. The final list will be decided upon af- 
ter pretesting in the field the traits given in Table XIII. 

Of the mental traits (group B in the list), the first six are picto- 
rial paper and pencil tests which can be administered to illiterates 
as well as to literates, The seventh test, using actual marbles and 
bags, is being used successfully in a current project conducted by 
us jointly with a team of the Hebrew University Dental School in 
villages of immigrants to Israel of North African and Near Eastern 
origins, among adults and children of all ages, illiterate and liter- 
ate. The verbal analytical tests will be adapted from those in use 
by the Israel Defence Army, which are of the analogies and related 
types, in the light of the Army’s experience with the ethnic groups 


involved; at least one of the tests will be administrable orally to 
illiterates. 


especially of educational 
es will of course remain even 


0 be investigated here. The 
ainly be expected to be different 
as they can be expected to differ 
p. The question is: is there any 
in families, across ethnic groups? 
will be a battery adapted from 
ive matrices. The Raven’s bat- 
m the Israel Defence Army. Its 
ave the simplex pattern of inter- 
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correlations over all the ethnic groups in the Army (Gabriel, 
1954), but no study has been made yet within and between ethnic 


groups. 


TABLE XIII 


SuGcesteD TRAITS FOR THE 
MouttivartaTe ANALYSIS 


A. Morphological-Physiological and Sensory 


1. Stature 

2. Sitting height 

3. Head length 

4, Head breadth 

5. Length of forearm 

6. Length of leg 

7. Blood groups (as many as possible) 

8. Red-green colorblindness 

9. Hand clapping 

10. Arm folding 

11. Eye color 

12. Handedness 

13. Relation between index and ring fingers 

14. PTC (ability to taste phenylthiocarba- 
mide) 

15. Fingerprint patterns 

16. Palm prints (D- line exit) 

17. Relative lengths of toes 


B. Mental 


Non-verbal analytical ability 

Non-verbal mechanical ability 

. Block counting (spatial-numerical per- 

ception) 

4, Porteus mazes 

5. Imbedded figures 

6. Perception of Necker cube 

7. Estimating number of marbles in trans- 
parent bags 

8. Verbal analytical ability 


The nonverbal mechanical ability te 


Israel Institute of Applied Social 
among different ethnic groups an 


no formal knowledge or training in physics, no 


st is one developed at the 
Research for vocational guidance 


d is especially designed to require 
r special acquaint- 
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ance with machinery. Tests numbered 3-7 in list B are standard 
psychological tests often used in cross-cultural situations. : 
All the tests can be administered to the adults and children o 
the age groups to be studied. Actually, since only correlations ane 
to be studied, it is not essential that exactly the same tests be used 
for the two generations, but there is some advantage in keeping 
the tests identical. ; 
The final traits will be selected to fulfill a number of require- 
ments, (1) The total time of examination should not take much 
more than 2 hours per individual. (2) The physical tests must not 
be unpleasant or painful (this is particularly important in the ori- 
ental groups who often object to blood tests; if such is the case, 
the taking of blood samples will need to be postponed until abter 
the rest of the information has been obtained). (3) The answers 
to all questions must fall into a few, easily classifiable categories. 
(4) Some of the traits will serve as definite genetic markers (PTC, 
color blindness, blood groups). (5) Some of the anthropometric 
measurements are known from twin studies (see Vandenberg, 


1962) to have a strong genetic component. (6) A few of the char- 
acters may be expected to be correlated. 


ANALYSIS OF THE Dara 


Two major sources of covariation will be studied for these data: 
(1) within families and (2) between traits. Each 18-year-old— 
henceforth called “subject”—will have, for each trait, four familial 
observations: on himself, his father, his mother, and his sib. Each of 
these four observations for any trait can be correlated with each of 
the four of any trait. Schematically, all the possible pairwise rela- 
tionships fall into the cells represented in Table XIV, 

The four sections in the main diagonal are symmetric about the 
diagonal (A: father-father; E: mother-mother; H: 
J: sib-sib), and will show the 
individuals. The subject- 


subject-subject; 
interdependence of the traits within 


subject section has already been studied 
with respect to certain achievement tests for 14-year-olds, and 


found to be invariant in structure across ethnic groups in Israel. We 


shall now be able to study the possible constancy of pattern for 
further traits and for different age groups. 


The father-mother sections (B and B’) will reveal the assortative 
mating patterns for the different ethnic groups. These need not at 
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all be invariant as far as our hypothesis is concerned. Should dif- 
ferent types of assortative mating (preferences in relation to dif- 
ferent traits) be found in different ethnic groups, they will have to 
be taken into account in the analyses of the other sections. Statis- 
tical analysis within families will help overcome environmental 
problems of differences in means between families. 

When mother traits are held constant, our hypothesis is that the 


TABLE XIV 


Parrwist DEPENDENCIES AMONG Traits Wirnin FaMinres* 


Father Mother Subject Sib 
Trait 123...25 123...25 123...25 123...25 

Father 1 
2 
3 

A B Cc D’ 
25 
Mother 1 
2 
3 

B E ou G’ 
25 
Subject 1 
2 
3 

¢ F H I 
25 
Sib 1 
2 
3 

. D G I J 

25 


@ See text for explanation of symbols. 
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father-subject (C and C’) and the father-sib section (D and D’) 
will show a pattern which is constant over ethnic groups. Similarly, 
when father traits are held constant, the mother-subject (F and F’) 
and mother-sib section (G and G’) should be ethnically invariant. 
Also, when father and mother traits are held constant, the subject- 
sib section (I and I’) should be ethnically invariant. 

Possible sex dependence will be studied by seeing whether 
different patterns exist for male and female subjects (sibs). 

Since the 25 traits subdivide into two types, mental and mor- 
phological-physiological, partial correlations within the sections 


will be studied among the mental traits holding the morphological 
constant. 


Statistical Problems of Regression Shapes 


Holding constant parental and morphological traits would be 
simple were we dealing throughout with numerical variables with a 
multi-variate normal distribution. Then the relevant product-moment 
coefficients of correlation could be merely inserted into Table XIV, 
and all required partial correlations could be calculated therefrom 
by matrix algebra. However, a good part of the tr 
above are qualitative (such 
gression theory will not alw 
traits may have to be d 


aits on our list 
as eye color or PTC) and linear re- 
ays hold. Holding constant many of the 
one by direct sub-classifications, with 
concomitant losses of degrees of freedom. Therefore, typologies will 
be sought for the “holding constant” process, in order to lose as few 
degrees of freedom as possible. Examples of typologies that may 
be relevant include scalograms (Stouffer e¢ al., 1950), and partly 
ordered sets as developed for fingerprints (Bat-Miriam & Gutt- 
man, 1963). Should the traits chosen for such a study belong to 
different linkage groups, this should manifest itself in’ the typolo- 
gies, since one would expect statistical independence in the ab- 
sence of linkage. 

Analysis of the typologies and independencies must be per- 
formed between parents and offspring—and cross culturally—in or- 
der to help distinguish between linked and otherwise associated 
characters. 

The studies proposed here ma 


Y partially answer several ques- 
tions: 
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(a) Taking a number of heterogeneous human traits—morphologi- 
cal, physiological, sensory, psychological—do all or part of these 
form a profile of statistical correlations which does not depend on 
age, sex, or ethnic origin? If such is found, we assume that the re- 
lationship of these traits has a biological basis common to the whole 
population and that a study of its nature will be justified. 


(b) Supposing a certain pattern is found, how can we interpret 
its structure? Presently we have no idea of what the structure will 


be like. One possibility is that we may find patterns of statistical 
dependence within subsets of traits, with statistical independence 
holding between these subsets. Without immediately hypothesizing 
s within such subsets, their clustering 
will nevertheless be able to serve as a base for further research into 
the relationships. This would be especially true if invariant patterns 
were to be found around any of the genetic markers. 

a considerable number of variables and large two- 
sted analysis should be able to dis- 
d genetic linkage. 


causal relationships for trait 


(c) By using 
generation samples, the sugge: 
tinguish between associated traits an 


(d) It is hoped that behavioral traits which have stable interrela- 
tions both cross-culturally, intra-familiarly, and with known genetic 
markers, will help define behavioral phenotypes for which modes 
of genetic transmission can eventually be worked out. 
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Discussion 


Cattell: May I ask a question? On the basic assumption, I’m not quite clear, 
perhaps you can help me. This seems to be stating that if any structure exists 


then it is genetically determined, but surely this is not enough because you 
could get structures in social data. 


Guttman: No, let me give you an analogy to show what I mean. We have 
all got ten fingers, but in each individual they all have different lengths, yet 
the fact is that the relationship of each finger to every other one forms a 
pattern which is more or less invariant over mankind. Now does that mean 
that it is determined by a simple gene mechanism? 


Cattell: You have chosen something that happens to be genetic. Once you 
take something else that is universal over mankind, an attitude to a mother, 


for example, an attitude of affection of a child to a mother your hypothesis 
would not hold. 


Guttman: Should a pattern of attitudes suct 


invariant over a number of different culture: 
attitudes to be based on 


1 as you suggest be found to be 
S, I would certainly suspect those 
an underlying biological process common to mankind. 


Genetics and Personality Theory’ 


Riley W. Gardner 


During the past several decades, our understanding of human 
genetics has increased at a remarkable pace. As Ham (1963) points 
out, however, the explosive growth in genetic knowledge has thus 
far influenced conceptions of human personality in all too limited 
ways, the outstanding work of Kallmann (e.g., 1952), Benjamin 
(e.g., 1962), and others notwithstanding. To take but one exam- 
ple, the vast expansion of knowledge concerning the human psyche 
that began some 70 years ago with the dramatic discoveries by 
Sigmund Freud has not yet been viewed through the corrective 
lens provided by studies of the hereditary determination of the 
many facets of personality organization postulated on the basis of 
these discoveries. Although Freud (e.g., 1987) repeatedly referred 
to the potential importance of heredity to the relative strengths of 
d to other aspects of ego organization, and 
in a now classic monograph, empha- 
ict-free aspects of ego organization 
te characteristics of mental appara- 
ning), the necessary genetic 


defense mechanisms an 
although Hartmann (1939), 
sized the importance of confi 
(thus pointing directly to inna 
tuses as determinants of ego functio 


studies have not yet been done. 
The dearth of genetic studies of variables critical for psychoana- 


lytic theory may be attributable to the intense interest psychoana- 
lytic discoveries stimulated in environmental determinants of per- 
sonality development. No other group of findings has provided such 
clear and articulated evidence of the effects of the personalities of 
mothers, fathers, brothers, and sisters on the development of the 
human psyche. The critical importance of the early mother-child 
interaction, normal and abnormal sex differences in sequential pat- 
in part by Research Grant 


described is supported 
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terns of relationship to mother and father, and a host of related 
facets of personality development were first outlined in the work of 
psychoanalysts with clinical patients. The dearth of companion ge 
netic studies may also be attributable to the unique methods in- 
volved in psychoanalytic treatment. Because psychoanalysis and 
related forms of psychotherapy are undertaken on the basis of 
clinical rather than research criteria, and because they are con- 
ducted with individual patients, it is rare that even small groups 
of subjects appropriate to the testing of genetic hypotheses have 
been treated by these methods. 

Tn view of the vast amount of work that remains to be done be- 
fore the contributions of heredity to the aspects of personality 
organization delineated by psychoanalytic methods are better un- 
derstood, let me outline briefly some potential contributions of ge- 
netic studies to four aspects of personality organization: (1) tem- 
perament; (2) mechanisms of defense; (3) intellectual capacities, 
known to be related to certain defenses; and (4) features of cog- 
nitive organization that Klein (1954) 
control principles. I shall also briefly mention possible relations 
between dimensions of temperament and activation level—an 
over-all pattern of metabolic reactivity to adaptive requirements 
which, Duffy (1962) indicates, is in part genetically determined. 
In pointing to some potential contributions of 


referred to as cognitive 


deepest roots in the theory 


ption that human organisms are born 
with certain predominant temperamental factors as mainsprings 


of their budding personalities. The innate temperamental char- 
acteristics that have received the most attention in this body of 
theory are those related to sex (in a general rather than specific 
sense) and aggression. Studies of higher animals, such as those 
summarized by Diamond (1957) in his book, Personality and Tem- 
perament, suggest that a number of temperamental factors with 
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important degrees of hereditary determination may be isolable, 
of which aggressivity, affiliation, fearfulness, and impulsivity can 
already be tentatively identified. An important speculative hy- 
pothesis can be generated even from these limited facts: that a 
number of human temperamental characteristics have important 
degrees of hereditary determination. Hopefully, genetic studies 
will eventually reveal the number of such hereditary temperamen- 
tal attributes that must be dealt with in a fully adequate personal- 
ity theory. The over-all level of organismic reactivity commonly 
called activation level may be related to one or more tempera- 
mental attributes, or may serve as a background variable causing 
similar temperament patterns to have somewhat different behav- 
ioral consequences in different individuals. 

To an important degree, psychoanalytic theory rests upon the 
theory of conflict, including the conception of defense mecha- 
nisms as means of resolving conflicting motives. As Freud often 
pointed out, the emergence of particular patterns of defense mech- 
anisms in particular individuals may be dictated primarily by he- 
redity. Hartmann’s (1939) significant contribution, referred to ear- 
lier, focuses attention also upon the contribution of hereditary 
characteristics of the psychic apparatus to the nature and organiza- 
tion of the enduring patterns of cognitive processes that emerge in 
development independent of conflict resolution. It seems likely to 
the writer that individual differences in certain defenses will prove 
to be attributable primarily to genetically given aspects of the phys- 


ical apparatuses involved. Individual differences in other defenses 


may be attributable primarily to learning based on repeated inter- 


actions with the parents. If this general hypothesis proves true, an- 
ticipations about the alterability of particular defenses by psycho- 
therapeutic procedures will achieve a higher degree of refinement. 
For example, the defense of repression, as Freud described it, 
involves both assimilation of new experiences to previously formed 
memories and active “countercathexis” of memories or ideas whose 
admission into consciousness would be anxiety-arousing. If perva- 
Sive employment of the defense of repression, which differs aap 
among individuals, proves to be attributable to the Sie 0! 
genetically determined memory-forming equipment susceptible to a 
great deal of assimilation, more accurate predictions of the alter- 
ability of repression by psychotherapeutic means may be possible. 
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A number of other genetic hypotheses can also be formulated 
concerning the emergence and patterning of defense mechanisms. 
Take, for example, the defense of isolation, which is known to split 
idea from idea in consciousness and also idea from repressed 
affect. Individuals who use the defense of isolation extensively are 
often intellectualizers who collect large funds of information which 
they differentiate in ever more refined ways. In keeping with these 
typical activities, those who employ isolation extensively often show 
unusual knowledge of and facility with words. Here then, is a 
typical link between a defense mechanism and an intellectual abil- 
ity. It has long been known that over-all intellectual capacity is 
determined to an important degree by heredity. Although ho- 
mogamous mating may have led to exaggerated estimates of the 
degree to which general intelligence is determined by heredity, the 
basic fact of hereditary determination seems clear. The recent work 
of Vandenberg (1965) is particularly valuable in this area since it 
points the way to ultimate clarification of the number of genetic 
factors involved in different aspects of intellectual functioning. 
With only these briefly outlined facts in mind, it becomes possible 
to pose such intriguing questions as the following: (a) Does the 
defense mechanism of isolation itself have important genetic de- 
terminants? (b) Since isolation seems to flower in the presence of a 
certain kind and degree of intellectual capacity, is it most likely to 
become a major defense in persons witl 


Nh exceptional verbal ca- 
pacity? (c) Is the person who employes the defense of isolation to 
an unusual degree likely to be 


one in whom the genetically given 
apparatus-characteristics leading to isolation on the one hand and 
unusual verbal skills on the other are jointly present? These are 
but examples of the important questions that will ultimately be re- 
solved only by the addition of genetic studies, 


Let me turn now to an aspect of personality organization that, 
along with defensive and intellectual organization, has been of 


particular concern in my Own recent research. I refer here to the 
studies of individual consistencies in cognitive functioning we have 
described as dimensions of “cognitive control” (see, e.g., Gardner 


et al. 1959, 1960; Gardner, 1964), We have referred to combinations 


of cognitive controls as aspects of “cognitive style.” Our work in this 
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Witkin and his collaborators (e.g., 1962) and members of our own 
research group, a number of cognitive control dimensions have been 
isolated and have been studied in relation to intellectual abilities, 
defense mechanisms, etc. The work in this area seems to be delin- 
eating some hitherto undefined aspects of cognitive organization. 
Questions concerning the development of cognitive controls can, of 
course, be answered only by combined studies of environmental 
and genetic determinants. Viewed in this light, many earlier find- 
ings presumably indicating effects of parent-child interactions on 
personality development (such as the large body of child develop- 
ment studies stimulated by psychoanalytic discoveries) may ulti- 
mately require reinterpretation. 

Having pointed to but a few of the variables postulated by 
psychoanalytic theorists that will be fully understood only when 
extensive genetic studies are performed, let me describe some cur- 
rent research that may provide some direction to further work in 
this area, The subjects of these studies are groups of monozygotic 
twins, dizygotic twins, and their respective parents. The test pro- 
cedures include intellectual ability tests from the battery used by 
Vandenberg, a battery of cognitive control tests, some of which are 
also being given by Vandenberg’s group, 2 number of additional 
experimental procedures, clinical psychological tests, and inter- 
views dealing with parental attitudes toward child rearing, attitudes 
toward similarity and difference in identical twins, etc. Major foci 
of the study are the relative genetic determinations of the variables 
referred to, including defense mechanisms as assessed on the basis 
of clinical and intellectual tests; within-family versus between- 
family similarities in cognitive style; predictive implications of simi- 
larities between individual parents and children; and a large num- 
ber of related issues. It is obvious, of course, that the results of such 
a study will require cautious interpretation, with careful delineation 
of unanswered questions and areas of ambiguity. In the case of one 
cognitive control dimension, a proposed study of individual con- 
sistencies in Mexican monozygotic and dizygotic twins may provide 
important additional information. If, for example, individual con- 
sistencies in test performances of American children are not present 
in performances of Mexican children, we may have evidence of the 
effect of environment upon this control (assuming that no major 
genetic differences affect these performances by the two popula- 


228 RILEY W. GARDNER 


tions). If, however, similar patterns of individual ee ne 
acterize the two populations, important questions will es ansv te 
by examination of the nature of these relationships aud y ee 
son of monozygotic and dizygotic twin-pair similarities “ se 
cultures. In lieu of large and readily available samples e = ae 
zygotic twins reared separately, such intercultural studies may 
f unique value. ; 3 

: In dudettaking these studies, we are aware of the Aeon 
limitations imposed by the inevitable choices involved in earnies 
sign, of the ambiguity surrounding interpretation of be cpt , 
similarities, and a veritable host of related problems. We raat 
clearly in mind Lerner’s (1950) delineation of the four kinds “4 
communality that may be responsible for correlations Peon Ee s 
formances in any two experimentally independent tests. We hav 
undertaken these studies in the face of such interpretive obstacles 
because of the lack of information concerning genetic ee 
of several groups of variables important to one current theory ‘o 
personality development and organization. Hopefully, these studies 
will provide some orientation points and some refined py 
hypotheses for further explorations. Hopefully, too, our work wi 
encourage others to begin the extensive further work necessary for 


ultimate understanding of the interacting genetic and environ- 
mental determinants of personality organization. 
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The National Merit Twin Study’ 
Robert C. Nichols 


This chapter will be concerned with some of the methodological 
problems and some early results of the National Merit Twin Study 
which is still in progress and when finished will be reported in de- 
tail elsewhere. Analyses completed so far have been primarily con- 
cerned with the relative effects of heredity and environment on 
ability measures, which will therefore be the major focus of this 
chapter. 

Of course, both heredity and environment are necessary for any 
behavior to occur. If heredity had not produced a behaving or- 
ganism there would be no behavior, and if environment had not 
provided the appropriate situation for the development of the orga- 
nism there would also be no behavior. Both are necessary and com- 
pletely interdependent influences, and it is not possible to say that 
one is more important than the other. If, in an experimental situa- 
tion, either heredity or environment were completely controlled, 
variation in any behavior could be produced by variation of the 
other. However, this is not the question we are asking. We are 
interested in accounting for variance in human behavior as it is ob- 
served in the natural social setting, and it is a perfectly legitimate 
question to ask how much of this variance is due to variation in 
heredity and how much is due to variation in the environment. The 
question “If everyone had the same heredity, how much would the 
variance in behavior be reduced?” is a convenient simplification of 
the question we are asking. It is a simplification because there are 
undoubtedly many instances in human behavior of a phenomenon 
which has been demonstrated in animals that the effect of environ- 
* This study is part of the research program of the National Merit Scholar- 

ants from the National Science Founda- 


ship Corporation and is financed by gra 
tion, the Carnegie Corporation of New York and the Ford Foundation. 
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ment on behavior varies with the genetic characteristics of the 
animal. 


EsTiMATION OF HERITABILITY 


Twins raised together in the same family form a natural experi 
ment in which the two kinds of twins vary in hereditary similarity, 
but are presumably about equal in similarity of environment. oe 
influence of heredity can be inferred from the greater similarity 0 
identical twins than of fraternal twins. The estimation of the pro- 
portion of the variance in the trait which can be attributed to 
heredity poses some additional problems, but with certain ete 
tions it is possible to estimate the proportion of variance of a trai 
which is due to variation in heredity. : 

Figure 1 shows a schematic representation of the sources 0 
variance in twin data. The left-hand vertical line represents the 
total variance of a trait in identical twins and the right-hand line 
the total variance in fraternal twins. The possible sources of varia- 


Sources of variance 
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— 
Error (€&) 
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(or between- t 
‘ ; Within-se 
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in aset (CE) variance) 
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Fic. 1. Schematic represent 


ation of sources of variance in twin data. 
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tion are listed between the two lines. Both hereditary and environ- 
mental variance is divided into that common to twins of a set and 
that which is different for the two twins of a set. 

The particular power of the twin method lies in the fact that the 
difference between the intraclass correlations for identical and fra- 
ternal twins is equal to the proportion of the total variance due to 
hereditary differences between fraternal twins. Since fraternal twins 
have on the average half their genes in common, this is half the 
hereditary variance in the trait. This fact can be used to construct 
heritability coefficients from twin correlations which give estimates 
of the proportion of the variance in a trait attributable to heredity. 
The coefficient h? proposed by Holzinger (1929) is the ratio of half 
the hereditary variance to the variance within sets of fraternal twins. 


oy, —% NZ TMZ — TZ = DH 
~l—rm: DH+DE+E 


= 5 

ops 

Since error of measurement enters into the within-set variance the 
correlations are usually corrected for attenuation. Another coefli- 
cient which we have developed for use in our twin study is called 


2(rmz—rpz) M, 2DH 
a CHyz+ CE 


TMZ 


HR. This is the ratio of the hereditary variance to variance due to 
heredity and environment common to both twins of a set. If one is 
willing to assume that the major environmental influences on a 
trait, at least those which might be measured or manipulated, are 
common to both twins of a set, this ratio is the proportion due to 
heredity of the variance attributable to heredity and major en- 


vironmental variables. This ratio also offers the advantage of not 
d thus not requiring correction for unre- 


including error variance an 
liability of the measuring instruments. 


The schematic representation in Fi 
heritability coefficients make certain assumptions which may or 


may not hold in a given study or with respect to a given trait 
being investigated. The four major assumptions are the following: 
(a) that the similarity of environmental influence is the same for 
fraternal and identical twins; (Db) that for the trait in question there 
is no correlation between parents due to assortive mating (although 
if the correlation between parents is known it can be corrected for ); 


ig. 1 and the logic behind the 
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(c) that hereditary variance in a continuous trait eS 
shows no dominance or interaction effects; (d) that here : pi ee 
environmental influences are not correlated (although small correle 

i ake little difference). ; 

n peletively minor violations of these assumptions <7 —— 
serious, since the heritability coefficients are subject to ae 4 
pling fluctuations and even with large samples can eve = y iy 
approximations of the heritability of a trait. Since yiowiieint 
coefficients depend on ratios between correlations, vie a crv 
more stable with high correlations than when the corre! sir a 
relatively low, Thus, in any given sample of twins we may ae iu 
to get stable estimates of the heritability of ine ipeics: mien = 
where the correlations tend to be high, but much less reliable esti 


mates of the heritability of personality traits where the correlations 
tend to be low. 


Sampling Procedures 


As a part of National Merit’s annual talent search, a — 
scholastic aptitude test is administered to about 600,000 high schoo 
juniors each spring. In 1962, we included an item on the test asking 
if the student was a twin, From those checking they were twins, he 
1507 pairs who met all of the following criteria were selected: 


(a) same sex, (b) attended same high school, (c) same last name, 


and (d) same home address, This procedure missed many sets of 


greatest differences in ability, those 
al or health histories, and those who 


were separated, Assuming approximately one twin birth in every 
100 of which two-thirds are fratern 


twins would be expected 


Twin Diagnosis 
The first problem, and a cruc: 


ial one for our study, was to develop 
an adequate method for the di 


agnosis of zygosity. The older studies 
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of twins have almost always diagnosed twins as identical or fra- 
ternal on the basis of similarity of appearance. Recently, however, 
blood typing has made these diagnoses much more precise, since 
blood can be typed with great accuracy for a number of independ- 
ent, categorical, genetically determined characteristics which have 
high penetrance. Identical twins are of course alike on all blood 
groups and it is possible to calculate the probability of getting any 
combination of blood groups alike by chance in fraternal twins 
(Smith & Penrose, 1955). If all available blood groups are used an 
average accuracy of around 98% can be obtained. Since we had a 
large sample of twins which was geographically dispersed, we were 
very interested in finding an easy method of diagnosis which had 
sufficient accuracy to allow us to use our large sample. If we had to 
rely on blood typing the sample size would be greatly reduced. 
Most investigators have tended to assume that diagnoses based on 
physical similarity are of questionable accuracy, but nevertheless 
we decided to attempt the construction of a diagnostic index based 
on physical similarity. 

We sent all of our twins a four-page questionnaire asking ques- 
tions about similarity of physical appearance, and replies were re- 
ceived from both twins of 79% of the sets and from at least one 
twin of 82%. By contacting twins who were in college through the 
college health services, we were able to obtain usable blood samples 
on both twins of 124 sets. The blood was typed for 22 anti-sera, and 
all analyses were run twice using anti-sera from different suppliers. 
On the basis of the blood analyses, 42 sets were diagnosed fraternal 
and 82 were diagnosed identical. All 42 of the fraternal sets and an 
equal number of the identical sets were set aside for cross-valida- 
tion. We used the remaining 40 identical sets and some fraternal 
sets diagnosed by marked differences in hair and eye color to 
develop a preliminary diagnostic index on the basis of the question- 
naire physical similarity data. The index which was developed is 
applied on two levels. The first-level diagnoses are based on a 
single marked dissimilarity in height, weight, eye or hair color or 
on marked similarity as indicated by mistaken identity. The second- 
level diagnoses are based on combinations of several less striking 
indications of similarity or difference. Table I shows how well this 
preliminary index worked on the blood-diagnosed cross-validation 
cases, About half of the cases were diagnosed at the first level and 


236 ROBERT C. NICHOLS 


about half at the second level. The over-all accuracy of fect 
was 93%. The index was revised on the basis of the experience w ie 
the cross-validation sample and all cases were diagnosed using - 
revised index. As a further indication of the validity of the z - 
diagnoses, intraclass correlations for the NMSQT eas . pe 
Scholarship Qualifying Test) composite score were calcula ere 
identical and fraternal twins diagnosed by various methods. - 
accurate diagnoses would be expected to lead to a higher ee 
correlation for fraternal twins and a lower correlation for identica 
twins. As can be seen from Table II, the correlations for identical 


TABLE I 
Cross-Vauipation or PRELIMINARY Diacnostic InpEx 


Blood diagnosis 


Index diagnosis MZ(N = 42) DZ(N = 42) 
Level one ‘5 
MZ 15 a 
DZ 1 21 
Undiagnosed 26 
Level one and level two 
MZ 38 4 
DZ 1 35 
Undiagnosed 3 3 
Index with intuitive diagnosis of uncertain cases 
MZ 40 4 
DZ 


2 38 


TABLE IL 


LATIONS OF THE NMSQ'TT Conp 
Twins DtaGNosep py Vv 


InrRactAss Corre OSITE ScorE FOR 
MZ ann DZ 


ARious Mernops 


MZ DZ 
, 
Method of Diagnosis Correlation N_ Correlation N 
Blood, hair, and eye (index development 9 
and cross-validation cases) 88 82 .68 198 
Index level one 89 92 65 187 
Index level two 87 513 .59 146 
Undiagnosed by index, Diagnosed intui- 


tively 


.87 50 17 20 
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twins were about the same for all methods of diagnosis, and the 
correlations for fraternal twins actually decreased (but not signifi- 
cantly so) from the blood diagnoses to the less certain index 
diagnoses. Those twins who could not be diagnosed by the index— 
cases which gave no clear indication either of similarity or dis- 
similarity—were apparently mainly identical, but they were not in- 
cluded in any further analyses. 

On the basis of experience with the development of the index, 
we have concluded that it is not difficult to diagnose twins, and 
that diagnoses almost as accurate as blood diagnoses can be made 
very simply. The feasibility of diagnosing twins by mail opens up 
many new possibilities for large-scale twin studies. All extensive 
an item inquiring about twin sta- 
al similarity index would provide 
already available. 


testing programs should include 
tus, and diagnosis by the physic 
large samples of twins on which test scores were 


Inheritance of General and Specific Ability 


The first analysis we have done with the twin data is a study of 
twin similarity on the National Merit Scholarship Qualifying Test, 
by which the twin sample was first 


the three-hour aptitude test 
identified. In this study, we were concerned with the heritability of 


general intelligence, which has been well researched, as well as the 
heritability of specific abilities, which has been little studied. 
Most previous studies of the inheritance of ability have been con- 
cerned with general intelligence, although it is now generally rec- 
ognized that intelligence is not a unitary trait. There are a number 
of different abilities, which tend to be positively correlated. There 
are two major explanations for this structure of intelligence. The 
first explanation, growing out of Spearman's theory of general and 
specific abilities, is that the general level of ability is determined 
mainly by heredity and that the ability to perform particular tasks 
is either facilitated by or is not facilitated by environmental ex- 
perience producing specific abilities. The second explanation, grow- 
ing out of Thompson's sampling theory, is that many very specific 
abilities are hereditarily determined and that the phenomenon of 
general intelligence arises from the use of the same specific abilities 
in many different tasks and from the generalized effects of en- 
vironmental influences. Intelligence, like all behavior, is determined 
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by some complex interaction of heredity and ee 
question remains ir the herediatry component is ma 
— i ecific. : . 

“othe NSO eee of five subtests measuring cap ages Si 
different academic areas. A factor analysis of these five sub 2 s 
indicated that there is one general factor and that once the ap 
ence of this general factor is taken out, the residual pone wen 
five subtests are relatively independent. We wanted to study ms 
heritability of general ability and of the specific abilities igi ge 
separately by each subtest. General ability is well oe tos 
the composite score (the sum of the standard scores for me os 
substests ). In order to get a measure of the specific factor eee oe 
by each subtest, we computed multiple regression vga fae 
predicting each subtest score from the other four subtests, an oe 
computed residual scores for each subtest which were independ ey 
of the other four subtests. The reliabilities of the subtests vary 
around .90 and the multiple correlations of the subtests with - 
other four vary around .75, so that there is a reliable portion of bw 
subtest which does not overlap with the others, However, the resid- 
ual scores contain a large proportion of error so that we would not 
expect large correlations. ; ; 

The heritability of the composite score will show the inheritance 
of general intelligence, and the heritability of the residual ocaiaie 
will show the inheritance of certain fairly specific abilities which ane 
independent of general intelligence. These heritability coefficients 
are shown in Table Ill. 
As we would expect, the identical twins were much more alike than 
the fraternal twins with respect to the composite score. Both herit- 
ability coefficients indicate that about 70% of the variance in the 
composite score can be attributed to differences in heredity, and 
this is about the same value that has been obtained by other in- 
vestigators, some of whom have used different methods of estimat- 
ing heritability, 

The twin correlations for general ability show a most encouraging 
consistency with the results of other twin studies. Table IV gives a 
summary of results of studies using a variety of tests conducted in 
different countries, in different languages, over a period of 35 

cy of the findings is striking. 

ow turning to the heritability of the resid 


years. The consisten 
N ual scores, we can see 


TABLE III 
Inrractass CorrELATIONS AND Herirasiity Ratios ror NMSQT Su 
Composite aNp Resipvat Scores 


Intraclass Intraclass 
correlation correlation 
MZ DZ MZ DZ 
Test N=315 N=209 tid UR he iad HR he 
Composite 87 .62 6.62¢ 73 12 88 65 7. 76° 65 74 
Subtests 
English Usage ral 64 1.46 722 «4.27 77 49 6.16° 99 67 
iS Mathematies Usage 74 42 5.69¢ 1.16 .80 -70 AT 4.48° .87 65 
© Social Studies Reading 76 50 5. 08° 92 .67 79 52 6.01° 92 60 
Natural Science Reading 69 52 2.96° 60.51 66 AS 4.48° 68 50 
Word Usage (Vocabulary) 85 64 5.32¢ 60.69 86 64 6.78" 62 75 
Residula Subtests 
English Usage 40 42 oR S410 AS 25 Bis7 90 
Mathematics Usage 48 21 47¢ 1,14 43 .23 2.74¢ 92 
Social Studies Reading .33 16 09 =1.06 .29 LT 1.60 83 
Natural Science Reading aor 32 —.61 —.36 31 -10 244 VBE 
Word Usage (Vocabulary) 55 37 2.504 .65 55 -26 4.48° 1.07 


* t-test of significance of difference between MZ and DZ correlations. 


» h? was computed with correlations corrected for attenuation. 
‘p< .01 


tp < .05 
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the instability of the heritability coefficient when dealing with low 
correlations. We have not reported Holzinger’s h? for the residuals, 
since correcting the residual scores for attenuation would take us 
pretty far from reality. All residual subtests showed significant dif- 
ferences between fraternal and identical correlations for at least 
one test and all residual subtests showed significant heritability in 


TABLE IV 
ScumMARY Or RESULTS OF Srupies OF THE INTELLECTUAL 
RESEMBLANCE oF Twins 


MZ twin sets DZ twin sets 


Intraclass Intraclass 
Study correlation N correlation N Test 

Holzinger (1929) -88 50 -63 52 Binet IQ 
Newman, Freeman, 

Holzinger (1937) 91 50 64 50 Binet 1Q 
Newman, Freeman, 

Holzinger (1937) 92 50 -62 50 Otis 1Q 
Blewett (1954) 75 26 39 26 PMA Composite 
Husen (1959) -90 215 -70 416 Swedish Military Indue- 

tion Test 

Husen (1960) 89 134 -62 180 Reading Achievement 
Husen (1960) 87 134 -52 181 Arithmetic Achievement 


Erlenmeyer-Kimling 


and Jarvik (1963) 87 14« 53 11’ Various Intelligence 


7 Measures 
Nichols (present 


study) 87 G87 -63 482. NMSQT Composite 


* Median of 14 studies. 
® Median of 11 studies. 


the total sample of both sexes combined. 


whether we should attach any significance to the sex differences in 


the heritability coefficients. I am inclined to think that we should 
not, and that at least until the study is replicated (we are collect 


ing another sample of twins with NMSOT scores next year) we 
should attribute the differences in the various heritability coefli- 
cients of the residual subtests to the unreliability of ratios betwee? 
low correlations. If we are willing to assume that the sex differences 
and the differences between subtests 


; ‘ in heritability are due to 
sampling fluctuations, the average heritability coefficient of the te? 


. The question now is 
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shown may be a good indication of the heritability of specific 
abilities such as those measured by the residual subtests. The 
average heritability of the residual subtsets is .75, about the same as 
that obtained for the composite score. This result supports the point 
of view that very specific abilities are independently inherited. 
One of the assumptions of twin studies which has been most 
frequently questioned is that the similarity of environmental influ- 
ences is the same for fraternal and identical twins. If identical 
twins have had more similar experiences, this might account for 
their greater behavioral similarity without any hereditary influ- 
ence. In order to sce if this could account in part for the differences 
shown in Table ILI, we asked the twins to report all periods of 
separation and any differences in experiences and illnesses. We re- 
peated the analyses shown in Table III after excluding from the 
sample all sets of twins who reported separation for 1 month or 
more, those who reported that one twin had a major illness or dis- 
ability not shared by the other, and those who reported a major en- 
vironmental experience (such as marriage or special training) by 
only one twin. These criteria led to the exclusion of 18% of the 
identical twins and 25% of the fraternal twins. The correlations 
tended to be slightly higher for all scores when twins with differ- 
ent experiences were excluded, indicating that the differences in 
experience tend to produce differences in ability (or perhaps to re- 


flect differences in ability rather than causing them), but correla- 
ly for both fraternal and 


tions tended to be affected about equa 
identical twins, so that the conclusions concerning the effects of 


heredity were not affected. 


Furure PLans 

In the National Merit Twin Study we have also collected a 
great deal of personality data on our sample of twins, but results 
of these data are not yet available. The following briefly outlines 
the sort of data that have been collected and the kinds of analysis 
which are planned. ee 

All twins who were diagnosed by the physical similarity index 
were sent a packet of questionnaire materials which required 
about 3 hours to answer, and complete returns were obtained from 
845 sets (about 72%). These materials included the California Psy- 
chological Inventory, the Holland Vocational Preference Inventory, 


242 ROBERT C. NICHOLS 


an experimental behavior inventory, and a number of sare 
and life history items. In addition the twins’ mothers comp _ be 
questionnaire concerning the early life and development ol bi 
twins with particular attention to differences between the na : 
early environmental experiences. We also obtained teac her a 
peer ratings of personality differences between the twins a 
of the sample. We have just completed a followup of the _— : 
year after the initial personality data were obtained and at fe 
end of the freshman year for those twins attending college. In ~ 
followup some of the original measures were repeated and pat al 
ular attention was given to differences in experiences of the twins 
during the intervening year. : 

In analysis of these data we shall be concerned with the srl 
bilities of the various personality measures and shall try to find a 
rough ordering of personality traits from those with a large he- 
reditary component to those dependent mainly on auieennee 
We shall attempt to relate personality differences between twins 0 
a set to differences in environmental experiences, and we shall at- 
tempt to get some idea of the dimensions of hereditary influences 
by factor analyses of correlation matrices divided into hereditary 
and environmental components and by separate factor analyses 
of items with high and low heritabilities. 
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Discussion 
Cattell: Well while we are on 
bility of mail questionnaires? P; 
experience, where the 


that topic, how do you feel about the relia- 

suiting 
ersonally I have had a rather disappointing 
Same questionnaire administered verbally in a family 
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group situation, was mailed to an equivalent group, the reliabilities dropped 
appreciably; and I presume that the individual is apt to be under suggestion 
from someone administering the questionnaire in the homes. This may be 
quite a serious thing, I feel, and I wonder what your experience is? 

Nichols: The usual individual may be influenced, but we have had very good 
luck with it, perhaps because we have been working with very bright students. 
We also sent this questionnaire to a random sample of people who took the 
National Merit exam and got a lower response rate from them. In checking 
them for errors we also found that they made many more errors, e.g. marking 


their sex incorrectly. 

Cattell; My circulation was to housewives and it appears that they usually 
asked their husbands, “Well, my dear, am I talkative?” 

Nichols: We have tried to check the accuracy of reporting some objective 
things, and we found that if you ask a straightforward unambiguous question 
“Did you or did you not do this? What was your grade point average last 
semester?,” you get very good reports. We've checked grade point averages 
against transcripts from college and found remarkable accuracy in reporting 
of these things. Now when it comes to attitude items and self-ratings you do 
run into kibitzers, etc., however, I do feel that the responses are valid. 
Gottesman: Was it your intent to mail out things like the CPI (California 
Psychological Inventory) and have them filled out and mailed back to you? 
I wonder (a) if this is ethical and (b) if the Psychological Corporation and 


other companies that publish these tests for restricted use would be happy 


with that? 

Nichols: I would answer yes to both of your questions. Gough has been really 
intrigued with our use of the CPI, and has supported the idea. 

Gottesman: So there are a lot of CPI’s floating around the United States right 


now. 
Nichols: Yes, we sent some to Harvard as a matter of fact. 


Suggestions from Animal Studies for 
Human Behavior Genetics’ 


John L. Fuller 


Since my work deals with animals I do not have to make the 
compromises that people working with human beings have to ac- 
cept. Animal laboratory problems seem trivial in comparison with 
those faced by human behavior geneticists. If my task were simply 
to give a review of contemporary animal behavior genetics, I would 
have no emotional response. The request that I provide suggestions 
for human behavior genetics based on animals bothers me, be- 
cause I’m not sure that any of my suggestions would be truly 


helpful. 


There are three kinds of problems that concern geneticists work- 


ing on animal behavior: (a) formal genetics including identifica- 
tion and enumeration of genes, and their linkage, dominance and 
epistatic relationships; (0) physiological genetics which deals with 
the processes by which little packets of DNA (deoxyrebonucleic 
acid) affect behavioral phenotypes; and (c) the population genet- 
ics problems, the attempt to separate observed behavioral variance 
into environmental and hereditary components. The behavioral as- 
pects of biological evolution also belong in this category. Animal 
studies in behavior genetics are usually pure science without im- 
mediate application, though in agricultural schools there are proj- 
ects which are motivated by economic considerations. But no mat- 
ter how academically oriented we may be, we can generate prin- 
ciples of wide generality and in doing so develop models which 
will be applied to human problems. Dobzhansky’s (1962) recent 
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book, Mankind Evolving, is based as much upon research with 
Drosophila as upon human biology. 


Physiological Behavior Genetics 


Let us look initially at the physiological genetics of behavior for 
suggestions from the field of animal genetics. Is there any possibil- 
ity, for example, that we can find homologs in animals for inherited 
neurological or behavioral disorders? For biological phenotypes 
such homologs (or analogs) are well established. Animals have in- 
herited hemophilia, ataxias, muscular dystrophies, various ane- 
mias, and differing susceptibility to degenerative and infectious 
diseases. Animals with specified genotypes are used widely by can- 
cer biologists, pharmacologists, pathologists, and others in exper!” 
mental studies, the results of which hopefully can be applied 
across species. Drugs which are effective against mouse leukemia 
are subjected to clinical testing in man. At the cell and tissue level, 
the parallels between human and subhuman syndromes are some- 
times quite precise, but I do not think there is any prospect that 
the animal behaviorist is going to find as good equivalents for the 
human phenotypes of special interest to psychologists. 

The problems which might be studied in animals and man at a 
comparable molecular level lie outside the main stream of behav- 
ior genetics at the present time, Phenylketonuria is an inherited 
disorder produced by a gene whose chemical action is known. 
The mental retardation of homozygotes for this gene is severe. In 
the mouse, the dilute gene has a similar metabolic action, and di- 
lute mice could be used as models for research into the mecha- 
nisms of gene action upon intelligence. However, interest here is in 
genetic influences upon behavior variation which is distributed 
continuously and quasi-normally. Now it is certainly possible, and 
even easy, to demonstrate that strains of animals which are geno 


typically unlike almost always show quantitative behavioral dif- 


ferences, Whether such strain differences provide a useful model 
for explainin 


g individual differences in man is a question. The far- 

ther one goes from metabolic similarities, the less precise is me 

homology between species. 
Differences in alcohol 


. A f 
; preference shown by inbred strains % 
mice provide 


an example of the physiological genetics approach. 
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Rodgers and McClearn (1962) have proposed that the preference 
difference is produced by, or at least correlated with, a difference 
in the alcoho] dehydrogenase activity of the liver. No gene for the 
enzyme has been isolated, but strain differences are fairly large. 
Furthermore, in vivo oxidation rates for ethyl alcohol are higher in 
a preferring strain than in an avoiding strain (Schlesinger, 1964). 
The evidence is fairly strong, and yet McClearn has not concluded 
that this enzyme is the key to preference behavior. Even if it is, 
we must find the way in which a chemical process controls behav- 
ior, This may not be too difficult in the present case. Possibly, when 
alcohol is readily oxidized it serves primarily as a source of energy 
and is primarily reinforcing. If it is not readily oxidized it may pro- 
duce discomfort which would be negatively reinforcing. 
Experiments based upon this hypothesis have been successful in 
modifying preference. Mice allowed access to both water and alco- 
hol for one 5-minute period per day take less alcohol than those 
given the same choice for five l-minute periods. We account for 
this by assuming that forcing all fluid consumption into one short 
period per day overtaxes the oxidative systems and leads to in- 
creased aversion to alcohol. The difference between high- and 
low-preference strains remains under all the conditions studied, al- 
though the absolute preference level can be moved up and down 
by manipulating the drive state. The proportion of alcohol ingested 
is not an invariant phenotype under all conditions. It changes with 
many factors but genetic determinants are detectable amid the 
changes. 
The alcohol-preference phenotype can also serve as an example 
for research on mode-of-inheritance. Recently I took four strains 
of mice, ranging from DBA/2J, which take almost no alcohol if 
given a choice, to C57BL/6], which have a fairly high preference. 
For reasons concerned with homogeneity of variance, I measured 
their preference as the concentration of alcohol above which one- 
half the fluid intake was observed when six concentrations were 
Simultaneously present. Hybrids were obtained between all pair- 
ings of the four strains, and their alcohol preferences were deter- 


mined (Fuller, 1964). ; 
When mice of jntermediate-preference strains were bred to the 
ds had high preference. The same 


high-preference strain, the hybri i 
intermediate animals bred to a low-preference strain produced hy- 
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brid offspring with low preference. If one tries to apply a classical 
term such as “dominance” to the results one encounters difficulty. 
Low preference is dominant in one cross, high in another. Instead 
I have analyzed the preference scores in terms of general and spe- 
cific combining action of the contributions from each parental 
genotype. The general combining action of a strain is based 
upon the mean performance of all its hybrid offspring. Deviations 
from the value expected from the general action of both parents 
provide estimates of specific combining action. In this study, about 
two-thirds of the variance was contributed by specific combining 
action and one-third from general. 

The experiment makes two points. First, it illustrates the dangers 
of generalizing upon mode-of-inheritance from breeding experi- 
ments between a single pair of “high” and “low” lines. Until re- 
cently, most of the behavior genetics literature in this area was 
based on single crosses.? Second, the preponderance of specific 
combining action over general implies that dominant and epistatic 
effects are more important quantitatively than additive effects. If 
the additivity hypothesis does not work well in controlled studies 
with animals, one should be hesitant about accepting it in human 


psychogenetics, Nevertheless, the additivity concept is implicit in 
most of the models commonly used. 


Physique and Behavior 


We shall now turn to some other findings from animal research, 


in particular the subject of correlations between behavioral and 
physical characters, Several years ago at Bar Harbor, Scott and 
Fuller (1965 ) compared behavioral and physical measurements in 
five pure breeds of medium-sized dogs. We also made Mendel- 
ian crosses between two of these breeds, the cocker spaniel and 
basenji, which differed in behavior and were of diverse origin. A 
correlation matrix which included weights and body dimensions 
along with results of thirty psychological tests was factor-analysed 
by Brace ( 1961). The physical and behavioral measures were 
completely separate; no mixed factors turned up in the analysis. 


* This point has been expressed strongly by Bruell (1964) since my orig- 
inal remarks, 
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At least in this species which is so phenotypically variable the idea 
of a somatotype which is correlated with behavior finds no sup- 
port. 
What about correlations between behavior and physiological 
traits which represent a more dynamic state than do body dimen- 
sions? A few decades ago, strains selectively bred for activity or 
timidity by Hall, Tryon, Heron, and others were compared on vari- 
ous endocrine gland characteristics (see Fuller & Thompson, 1960, 
for references). More recently, an emotionally reactive strain of 
rats has been found to be slightly hypothyroid (Feuer & Broad- 
hurst, 1962). The results of such comparisons have not been per- 
fectly consistent, but low thyroid activity does seem to be fre- 
quently associated with inactivity or timidity. Many studies of this 
type are based upon comparison of a pair of strains differing on a 
behavioral character. If they turn out to be different on a physio- 
logical trait too, a hypothesis can be stated whichever way the 
second difference falls, There is a need for broadly based correla- 
tional studies based upon many independently derived true- 


breeding strains. 


The Choice of Phenotypes 


Animal research has indicated that genetic differences in the re- 


sponse to hormones may be more important as causes of behavioral 
variation than the difference in amount of hormones produced. The 
best example is the work by Young and his associates at Kansas 
(Young, 1957) on sexual behavior in guinea pigs. They found that 
sexual activity can be restored by androgens in castrated males, 
but only to the level characteristic of the precastrate state. A male 
with low sex-drive could not be converted to high-drive status by 
supplying more hormone. Once the amount of androgen is over a 
threshold, the critical factor for motivating sexual behavior is not 
chemical but somatic response. ; 
There are important genetic differences in sexual behavior 
among animal strains, and Young’s work suggests that the genes 
produce these effects, not by regulating the factory which makes 
the hormones, but by modifying the target tissues on which they 
act. This idea in turn suggests to me that looking for correlations 
between behavioral traits which are dynamic and physiological 
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traits under steady-state conditions may be a lost as py 
one should expose individuals to disequilibrating — ee 
serve tolerance limits, dose-response curves, or rate o res te) “a 
bration. Now this is harder than analysing blood or al 
tained under steady-state conditions, but it may be <a — 
profitable. Recent experiments in our laboratory ~ - a ne 
havioral measures and psychoactive drugs have shown 1 - mesh 
this approach. Such experiments are not ieponible ee ' 
subjects, though the recruitment of subjects is not easy. . woe 
visited an operant conditioning laboratory in which peop . full. 
employed as professional subjects for experimentation np ee) 
time basis. Perhaps a few pairs of twins could be recruite one 
in such a capacity. Paying for their services would be as ae 
mate a research expense as any other. Naturally there are . " 
restrictions when using human subjects, but this should not be 2 
serious handicap, ~— 

In closing this section T wish to make one further “het ne 
garding the choice of phenotypic variables. I have eitscoxsacst : 
with Dr. Guttman and we agree that behavior geneticists ~“ 
make a mistake in selecting phenotypic characters on the ena . 
their importance in psychology. Dr. Guttman has included in - 
battery, traits such as hand clasping and arm folding, which are 
trivial in a sense, but which may yield neater genetic results “ee 
more important personality factors, Also, at the present state 0 


knowledge, no soundly proved genetic facts should be called 
trivial. 


The Genotypic Approach 


nt, circumvent the problems of choosing @ 
at the other end and determining the ie 
of having alternative genotypes, AA, A’A, 
Perhaps one should include as many ee 

such a study to increase the probabilities 0: 
finding ‘ween genotype and behavior. Would it be 
r behavioral correlates of the numerous go 

hich are being discovered in man? There a8 
considerable evidence that some of these, such as the blood groups, 
n natural selection ( Reed, 1961). Although 
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psychological effects of such genes are certainly conceivable, the 
work on animals indicates that the contributions of individual loci 
(which do not produce gross morphological effects) to behavioral 
variation is small and extremely difficult to detect. With animals, at 
least in mice, we have a further advantage in our ability to place 
the variants at one locus on an otherwise genetically homogene- 
ous background. The results of the single locus studies, including 
some unpublished ones of our own, are relatively meager. Eventu- 
ally, as we obtain more biochemical mutations with which to work, 
the picture may change. At present, the animal studies suggest 
that the genotypic approach to human behavior genetics is not 


likely to be productive. 


PopuLatTion GENETICS 

Concerning the contribution of animal studies to population be- 
havior genetics I shall add a few words about the Jackson Labora- 
tory dog experiment. Scott and F uller (1964) gave a large variety 
of tests to five breeds of dogs. Scott found that the breeds differed 
significantly on 49 of the 50 variables used by Brace in the factor 
analysis which was mentioned earlier. On a more restricted and 
only partially overlapping domain, emotional reactivity, I obtained 
30 measures at each of three ages. Among the 90 possible breed 
comparisons only four failed to reach to .05 level of significance. 
There was a slight, questionably significant, increase in the intra 
class correlation (the proportion of variance attributable to breed) 
as the animals grew older. Thus, the effects of genetic differences 
did not wash out with age, but possibly became slightly stronger. 
It would be misleading to leave the impression that members of a 
breed conform to a standard and that the behavioral boundaries 
between breeds are sharp. Overlapping was the rule, though breed 
differences characteristically were responsible for from 10 to 60% 
of total variance. We came to think of breed in behavioral terms as 
a population characterized by a range of variation, rather than as a 
type as described in breed standards. 


Genes ANp EARLY EXPERIENCE 
The concluding remarks concern the relationship between char- 

acteristics influenced by changes in genes and those affected by 

changes in environment. For the past few years I have been in- 
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vestigating the effects of early experience een ar be 
breeds of dogs—beagles and wirehaired fox terriers. These r Z 
are quite different in behavior, but they respond similarly ie > 
periential isolation. Upon emergence, the dogs are less social wi “ 
people and with other dogs. They contact objects less and ye on 
ther hyper- or hypoactive, depending upon circumstances. Some 
forms of behavior are more affected by isolation than others as we 
have shown by comparisons with pet-reared puppies of the same 
age. The point of the experiment is that the sscoh in a 
which the beagles and terriers are most unlike are the ones w ae 
are most readily modified by the isolation procedure. We do no 
find a class of traits determined by environment and another con- 
trolled by heredity. Instead some characters are relatively insensi- 
tive to either genetic or experiential modification, while others are 
readily modified by either manipulation. 

Finally, it is clear that these somewhat sketchy remarks do not 
provide a guide to quick success in human behavior genetics. Ani- 
mal workers have problems too. We have the advantage of pos- 
sessing experimental control over the lives and breeding histories 


of our subjects. Bridging the gap between a gene and observed 
behavior is much the same in mouse and man. 
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A Longitudinal Study of Children with a 
High Risk for Schizophrenia: 
A Preliminary Report’ 


Sarnoff A. Mednick and Fini Schulsinger 


In the past 14 months in Copenhagen, Denmark, we have ex- 
amined 207 children whose mothers are severely and chronically 
schizophrenic. We have also examined 104 control children care- 
fully matched with the 207 for age, sex, father’s occupational status, 
rural-urban residence, years of formal education, and institutional 
versus family rearing conditions. The examination included _bio- 
chemical, psycho-physiological, social, cognitive, and_ personality 


measures. 

Our long range plan is to follow these children until some appre- 
ciable number become schizophrenic. We will then be in a position 
Its of our current examinations and 


(1) to look back at the resu 
determine the childhood characteristics which distinguish those 
that succumbed, (2) investigate the interaction of these character- 


istics with life circumstances including conditions surrounding the 
onset of psychosis, (3) observe characteristics which differentiate 
these children and plot them as they change from the time of the 
first examination to frank psychosis. 

We study high-risk children because the prevalence rate of the 
disorder in the general population is only approximately .29% 
(Lemkau & Crocetti, 1958). In view of the extensive testing in- 
volved the project would not be possible if subjects were selected 


* This report is the essence of a paper presented to the XV International 
Congress of Applied Psychology; 1964, at Ljubljana, Yugoslavia. This research 
is supported by the U. S. Public Health Service, National Association for 


Mental Health, Scottish Rite Committee for Research on Schizophrenia, 
and the Human Ecology Fun h is being conducted at the Psy- 


d. This researc! 
chological Institute, Kommunehospital, Copenhagen, Denmark, 
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without bias. It would be necessary to examine 10,000 individuals 
in order to include perhaps 29 who would subsequently become 
schizophrenic. To maximize the number of cases of schizophrenia 
which will occur in our sample we study individuals whose moth- 
ers have been schizophrenic. The psychiatric genetics literature 
suggests that 16% to 21% of individuals with one schizophrenic par- 
ent will become schizophrenic (Fuller & Thompson, 1960). 

The purpose of this paper is to report the background, method 
and preliminary results of this project. We shall begin by briefly 


relating the theoretical orientation which prompted the choice of 
variables. 


Schizophrenia: A Learned Disorder of Thought 


This theory has appeared in a number of publications (Mednick, 
1958; 1961; 1962); the presentation will be brief and discursive. 

In this discussion of the theory we are going to suggest that 
the origin of the schizophrenic disorder lies in the interaction of 
certain predisposing factors ( perhaps genetically determined ) 
and unkind environments. In the context of behavior theory, we 
shall first try to reconstruct how an individual may experience an 
acute breakdown; then we shall try to explain the transition 
from the acute state to the chronic state, F ollowing this, we shall 


discuss the theory in the light of research on the reactive-process 
continuum. 


The theory begins with the hypothesis that there are three char- 


acteristics which predispose an individual to schizophrenia: (1) ex- 
cessively strong reactions to mild stress, (2) excessively slow re- 


covery from autonomic imbalance, (3) excessive stimulus generali- 
zation reactiveness, 


These hypotheses were 


originally suggested by the ease with 
which schizophrenics for 


m defensive conditioned responses and 
schizophrenics over-generalize (Mednick, 
the arousal state in schizophrenia lends 
ese hypotheses. There is certainly strong 
Tiption of the first phase of schizophrenia 
anxiety and panic.” There is a body of 
ature which points to a low threshold 
schizophrenia, This includes studies of 


as a “period of intense 
psychophysiological liter 
of emotional arousal in 
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heart rate, GSR (galvanic skin resistance), EMG (electromyog- 
raphy), the startle reflex, etc. A review of the literature on 
psychophysiological research in schizophrenia by Silber (1962) 
pointed up the equivocality of results and failings of method in 
this area, However, there is very consistent evidence that the 
schizophrenic takes longer to recover from autonomic imbalance 
than does the normal. The more recent and methodologically 
sophisticated work in EMG and GSR is especially supportive (Ax 
ct al., 1961; Williams, 1953). We are highly cognizant of the re- 
search that conflicts with this interpretation. We do not pretend to 
explain it all. However, frequently, where the schizophrenic is found 
to be underaroused, psychophysiologically, the experimenter has 
been testing very chronic patients. In some research where schizo- 
phrenics have not shown elevated psychophysiological responsive- 
ness the experimenter has pointed to the hyper-aroused basal con- 
dition of the schizophrenic as placing a ceiling on responsiveness 
(Williams, 1953). We are also aware of the questions recently 
raised concerning the hypothesis of greater stimulus generalization 
responsiveness. The results of these experiments, again, can fre- 
quently be better understood by careful study of the chronicity of 


the subjects. 
Explanation of Acute Breakdown 


We shall try to explain how an acute schizophrenic episode 
might ensue in an individual with these three predispositions. In 
this instance we shall deal with an incipient reactive schizophrenic. 


We shall then use the theory to explain chronicity and the differ- 


ence between the reactive and process schizophrenic. 
a we frequently find a precipitating 


In reactive schizophreni f 
event or series of events. Let us closely examine the effect of such 
a stress. A normal individual will show an arousal response to 
stress. Because of his heightened sensitivity, the preschizophrenic 
will show a larger response and will recover at a slower rate than 
the normal. If at this point the individual can get away from the 
troublesome situation and allow his anxiety to subside to its resting 

msequence to this 


level we would expect no further untoward co 
Specific upset. However, if he continues to operate in society (for 
example if he is an individual from a lower socioeconomic group 

there are certain dangerous con- 


and must stick with his daily job) 
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sequences which might ensue. For one thing, the increase = a 
ety or arousal level will cause an attendant increase in the Les 

and breadth of stimulus and associative generalization. This in- 
crease in generalization will affect all of the individual's habits = 
cluding those related to learned anxiety reactions. In other - ; 
there will be a broadening of generalization gradients around a 

stimuli the individual fears. The increase in the breadth of gen- 
eralization will cause many new stimuli to become soar 
ety arousers; in addition, those stimuli which previously elisises 
anxiety reactions now will elicit stronger anxiety reactions. iene 
of the increase in the breadth of the gradient of stimulus generaliza- 
tion, the possibility that he will encounter an anxiety arousing 
stimulus has increased. If he continues in society and does encoun- 
ter such stimuli this will increase his arousal level. This, in se, 
will cause his generalization responsiveness to increase. This en 
increase the probability of his encountering fear-arousing stimu : 
by increasing the number of such stimuli and the magnitude a 
his response to such stimuli. This will cause an additional increase 
in his anxiety level which will, in turn, again increase his an 
zation responsiveness, and so forth. This process has been name 

reciprocal augmentation. An empirical investigation testing aspects 
of the reciprocal augmentation hypothesis has been strongly sup- 
portive to the hypothesis (Mednick & Wild, 1962). Perhaps the 
symptoms we observe in the acute patient can be understood m 
terms of excessive generalization responsiveness. As generalization 
mounts, the individual will experience atypical thought sequences 
and tangential intrusions into his stream of ideation. These will be 
due to associative generalization. His perception will be distorted 
through stimulus generalization, Noises in the plumbing will sound 
like speech; shadows will resemble people. Because of the uncon- 
trolled nature of some of his thought and the irreality of some of 
his perceptions he will begin to fear that he is “going crazy.” This 
will only lead to further anxiety. His psychophysiological state will 
be producing internal stimuli which will partially cue ongoing 
thought processes. These thoughts will therefore tend to dwell on 
previous periods of anxious discomfort and create further anxiety- 
producing stimulation. Eventually some idea may be hit upon 
which will tend to reduce slightly the torturing fears. This solution 
(perhaps involving the conviction that he is being subjected to 
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special scrutiny by the FBI) may consist of a “rational” explanation 
of his difficulties in thinking or of his generalization-produced 
fears of police or of his employer. This “rational explanation” may 
be enough to cause the admitting psychiatrist to diagnose him as 
a paranoid schizophrenic. For surely by this time his behavior will 
have become atypical or annoying enough to others to bring about 
this hospitalization. 

The crux of this explanation of the acute process lies in the re- 
neralization and anxiety. One question 
which may be asked is “Why doesn’t everybody become schizo- 
phrenic after a stress experience?” The answer lies in the three pre- 


disposing characteristics of the preschizophrenic. 


ciprocal augmentation of ge 


1. Low threshold for anxiety arousal. 


2. Slow recovery rate. 
3. High generalization reactiveness. 


An individual may have a low threshold for anxiety arousal but 
recover quite quickly. Such an individual will not suffer a recipro- 
cal augmentation process since the building up of anxiety would 
be prevented by his fast recovery: He would only be threatened by 
such a process in conditions in which stresses followed one another 
at a very rapid pace. Such circumstances may be found under se- 
vere military combat conditions. Indeed, there is good evidence 
that combat experience tends to produce acute psychotic break- 


downs (Benedict, 1958). 


Chronicity in Schizophrenia 

We have discussed the essentials of the explanation of the onset 
of schizophrenia in a reactive schizophrenic. Now we shall attempt 
to follow him into chronicity. Meyer and Kraeplin both described 
schizophrenia as an evasion of life. We believe that this evasion or 
avoidance is learned. We believe that the learning takes place 
gradually over a period of time and that it is this avoidance learn- 
ing which is schizophrenia. This learning is especially prevalent 
during periods of high anxiety. During such periods thought with 
anxiety-producing content dominates the thinking of the patient. 
Due to generalization, remote, tangential associations interfere with 
the anxiety-producing stream of thought. Thus, an anxiety-produc- 
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ing thought will be momentarily replaced with one which is irrel- 
evant, neutral, or perhaps even relatively comfortable. As a result, 
the associative transition will, at times, be accompanied by a mo- 
mentary reduction of anxiety. This will be due to the momentary 
removal of anxiety-producing thought from ideation. This drop in 
anxiety level will reinforce the preceding associative transition. 
This will increase the probability of the occurrence of this associa- 
tive transition in the context of anxiety-provoking thoughts. As this 
process occurs over and over again for a long period of time, it will 
provide the patient with a repertoire of thought responses which 
have the power to reduce anxiety. After several acute breaks the 
patient will have acquired a built-in anxiety regulator which will 
remove him from any stimulation with a hint of threat. If at this 
point the patient responds with the anxiety provoking thought, “I 
am going crazy,” he may defend against it by making an immediate 
associative transition to an irrelevant, tangential thought or by mak- 
ing use of a well-learned rationale such as “the radiators are broad- 
casting to me.” This avoidant thinking will be continually self- 
reinforcing since it will enable him to escape anxiety-producing 
stimuli. It will assume the status of a conditioned response which 
will be elicited automatically upon the presentation of anxiety- 
producing stimulation. This will make it extremely difficult to reach 
his awareness with any stimulation which is even mildly anxiety- 
arousing. As more of these avoidant associates are learned the pa 
Hent will experience less and less anxiety and may very well be 
described as having “flat affect.” What is especially damning is the 
effectiveness of this means of reducing anxiety and the fact that it 
'S automatically self-sustaining through reinforcement. Whenever 
an anxiety-producing stimulus presents itself, the individual’s anx- 
iety-level will momentarily rise. An avoidant associative transition 
will remove him from the threatening stimulus and result in a Te- 
duction in anxiety which will once again reinforce the learned 
avoidant thinking mechanism. At this point it is difficult to see how 
this avoidant habit can be extinguished. Most avoidant responses 
are quite resistant to extinction because of their built-in self- 
reinforcement. Extinction can be hastened by physically prevent- 
ing the avoidant response in the presence of the danger signal am 

omitting the punishment. It is difficult to imagine how an avoid- 
ant thought might be physically prevented. One aspect of this e* 
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planation should be emphasized. Schizophrenia is here seen as a 
learned disorder of thought and emotion. The acute phase of the 
illness in the reactive patient is not in and of itself schizophrenia. 
It is the learning of the avoidant thoughts which is the essence of 
the schizophrenic disorder. Chronicity is determined by the de- 
gree to which the patient’s thinking is dominated by avoidant 
thought sequences, and we believe that chronicity may best be 
measured in this manner. We have attempted to do such meas- 
urement in terms of the relative percentage of associations which 
are avoidant under conditions of mild arousal. This measure re- 


lated well to the length of hospitalization. 


Reactive and Process Schizophrenia 


of how the theory may be seen as being relevant 


to other aspects of research on schizophrenia, let us now turn to 
the question of reactive versus process or good premorbid versus 
poor premorbid schizophrenia. In the light of the above explana- 
tion, the difference between the reactive and process patient is 
simply one of level to which the patients’ thoughts are dominated 
by avoidant associates at the time of hospitalization. For purposes 
of this discussion the process patient is seen as initially having the 
same three predisposing characteristics as the reactive patient. 
The reactive schizophrenic comes to the hospital with a rela- 
tively healthy premorbid history and learns the bulk of the avoid- 
ant thought sequences at the time of his acute break. The process 
patient, on the other hand, has suffered repeated trauma and 
Stress early in life and has acquired a highly developed set of 
avoidant associative thought patterns before hospitalization. Basing 
the following speculations on some of the work of the Duke group, 
we would guess that in those cases where the reactive and proc- 
ess schizophrenics both have the same 3 predisposing characteris- 
tics, differences between them may be explained in terms of their 
family situation. Briefly, there is good evidence that the process 
patient is born into a family with a strident, carping, and punish- 
ing mother (Farina, 1960). A highly sensitive infant, with such a 
mother, is exposed to continual overstimulation of autonomic func- 
tioning. With techniques appropriate to his age, the child soon 
leas many ways of avoiding or withdrawing from the noxious 


As an example 
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stimulation that the mother presents. These avoidant responses first 
learned in reaction to the mother will generalize to teachers and 
playmates and in adolescence to girls. Throughout childhood and 
adolescence we would expect the process preschizophrenic to mani- 
fest the classical withdrawn pattern. During this time his thinking 
is gradually becoming dominated by avoidant associative se- 
quences. We find that he typically enters a mental hospital with 
very inadequate precipitating stresses or else he simply drifts over 
the line of environmental tolerance, 

On the other hand, the reactive patient with the same predis- 
posing characteristics is probably presented with a warm, supporting 
maternal environment. His premorbid history is typically healthy. 
His acute break results from a combination of a number of severe 
stresses and his predispositions. He begins to learn most of his 
schizophrenia at the time of his first break. 


Role of the Theory in Research 


We chose to organize this investigation around a theory of schiz- 


ophrenia. It could have been done differently. Other investiga- 
tors may have chosen a shotgun approach. Our personal preference 
and scientific strategy is always to try to work within some organiz- 
ing conceptual framework. The role of the theory is not only to 
help organize but also to delimit and motivate. It is true that the 
theory helped us to select the measures that will be described. 
However, most of these measures has been shown in previous re- 
search to discriminate schizophrenics from normals and could have 
been chosen on this basis alone. Each of our variables has rele- 
vance to an area of research on schizophrenia and will contribute 
useful data aside from whatever reflection it casts on the theory- 


Cueck on Psycuratric GEnetic LirerRATURE 

We are studying children with schizophrenic mothers because it 
has been reported that the probability of schizo 
such samples. In view of the reliance we place 
it seemed prudent to check these reports on a s 
identical to our sample. Dr. Niels Reisby ( 
trist) and Dr. Fini Schulsinger conducted t 
We shall summarize some of the relevant 

First, they found the names of 98 wome 


phrenia is high in 
on this assumption 
ample more or less 
a young Danish psychia- 
his investigation in 1963- 
findings. 


n patients in four mental 
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hospi i 
hain ~ hospital records, the Folke-register (an up-to- 
ce e current address of every individual in Den- 
: ar ), and the Human Genetics Institute they prepared a list of 
heir children. Again, at the Human Genetics Institute (wher 
every psychiatric hospitalization is registered) they checked to ee 
the percent of these children that had been hospitalized for schizo- 
phrenia. This figure proved to be 12.7%. (They used Strémgren’s 
modification of the Weinberg correction. The average age of the 
children was 34.8 years.) The average age at first ‘admission for 
those children who succumbed was 24.6 years. We can consider 
12.7% to be a sizable under-estimation of the prevalence of schizo- 
phrenia in this sample because well over 50% of the children live 
on small farms in isolated areas of Denmark, but only 27% of those 
who were hospitalized for schizophrenia were from such farm 
areas. In terms of clinical experience and from surveys done in 
equivalent areas, it is known that the farm people shelter many 
harmless “trouble-free” schizophrenics and avoid hospitalization if 
at all possible. They are currently doing a follow-up to obtain a re- 
duction of the number of unidentified children; this will probably 
increase the estimate of risk. In any case, the figure, 12.7%, is not 
far from Kallmann’s (1938) figure of 16%. 
Of great interest in this study is the distribution of ages of the 
children at first admission (Table I). In view of the fact that the 


TABLE I 


CHILDREN WITH Scnizopurenic Motners* 


Children’s age of first hospitalization for 
mental illness 


Age Percent 
Below 20 38 
21-25 14 
26-30 10 
31-35 24 
36-40 10 
41 and over 5 


of cases is 21. The total 
QS. The mean age of the 
nvestigation was 61.5 


4 The total number 
number of mothers is 
mothers at the time of i 


years; the children were 34.8 years. 
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mothers were selected on the same basis as the mothers of the 
proposed long-term study, this table should enable us to ge 
the ages of breakdown of the children in the long-term study. 0 
course, since we propose to re-examine the children periodically 
we should be able to diagnose the illness well in advance of the 
first hospitalization. 

While not relevant to the aim under examination, it is of interest 
that by reviewing the hospital records Reisby and Schulsinger 
were able to divide the schizophrenic group into process and reac- 
tive patients. In the case of the process patients, the mothers had 
been with the children until the age of 13.0 years, before separa- 
tion. (The separation usually coincided with the hospitalization 
of the mother.) In the case of the reactive patients, the mothers 
had been with the children until the age of 7.4 years, 

With respect to the major aim of this study, it is clear that the 
results are consonant with Kallmann’s (1938). They suggest that 
our sample of younger children of schizophrenic mothers will yield 
schizophrenics in numbers sufficient for purposes of our research. 
We have two additional pieces of information. We can maximize 
our rate of hospitalization for schizophrenia by concentrating on an 


urban sample. In addition to schizophrenia, the children of these 
mothers manifested a number of other var 
behaviors, e.g., suicide i 


appropriate for statistical analysis, by ha 
viduals 


& groups to differential indi- 
and environmental conditions. 


Selection of Site for Study 


The’senior author first attempted this study in Michigan in 1960 


ndoned because the 
proved inadequate and the high residential mo- 


. at we could follow our subjects for 
any appreciable amount of time. Fifty percent of the entire Detroit 


population’ moves every 4 years, When the mobility patterns for in- 
dividuals in the age range of greatest danger of incidence of schizo- 
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phrenia were examined, a 47% change of address every year was 
noted. This figure is even greater for the low-income non-home- 
owner. The group of greatest interest is also the most mobile (U. S. 
Bureau of the Census, 1956; Detroit Area Study, 1956). If 10 of 
the subjects should move to California one would be hard pressed 
to locate them there. If one were able to do so it would cost up 
to $5000 to bring them with a responsible adult for one day of 
testing. On the basis of these data and other considerations the 
decision was made not to attempt this study. Anything less than 
certainty of 90% follow-up success was unacceptable. 

Such certainty seemed unattainable until an address by the in- 
ternationally eminent Danish research worker in psychiatric ge- 
netics, Professor Erik Strémgren, directed the attention of the sen- 
ior author to opportunities for research in Scandinavia. As an ex- 
ample, Fremming (1951) carried out a 60-year follow-up of 5500 
individuals. He was successful in locating 92% of his sample. Now, 
Myschetzky, in Denmark, is attempting (with great success) to 
locate this same sample. At this point his effort represents a 78- 


year follow-up. 
_Clearly the study just al 
sible in Scandinavia. Furt 


bandoned as impractical was readily fea- 
her investigation and a visit to Scandi- 
navia in the summer of 1961 revealed that the epidemiological 
aspects of schizophrenia are about what we experience here in the 
United States (Lemkau & Crocetti, 1958). A tour of the mental 
hospital system of Denmark in the summer of 1961 suggested that 
the clinical picture which emerges is not essentially different from 
what we observe in U.S. hospitals. The remarkable and complete 
national psychiatric register at the Copenhagen University Insti- 
tute for Human Genetics would greatly facilitate various aspects 
of the study. The Folke-register (which maintains an up-to-date 
record of the current home address of every individual living in 
Denmark) completely explained the excellent record of the longi- 
tudinal research mentioned above. 

What further recommended Denmark as a site for the proposed 
research was the compact size of the country (16,619 square miles, 
somewhat smaller than Massachusetts and New Hampshire com- 
bined). The population js concentrated in greater Copenhagen. 
These factors all tend to minimize the distance that subjects must 
be transported. The major loss of subjects in a longitudinal study 
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in Denmark will be through external emigration. If any Ss from 
our sample do emigrate an attempt could be made to locate them. 
The low rate of emigration of Danes suggests that in any case this 
will not be a serious problem in our research (Statistiske Meddelel- 
ser, 1961). 

Finally Dr. Schulsinger (Director of the Department of Psychia- 
try, Kommunehospitalet) became actively interested in the study 
and was able to solve the subtle and difficult organizational prob- 
lems which the project presented. 


Method 


SAMPLE PRocuREMENT 


Our procedure entailed several steps. First, we sent social work- 
ers to state hospitals in the vicinity of Copenhagen. (We wanted 
most of our children to be urban residents so as to make it more 
likely that they would be hospitalized upon becoming psychotic. ) 
The social workers obtained lists of resident female patients who 
had children between the ages of 10 and 18, These lists were 


checked with the University Institute for Human Genetics and 


the Folke-register. The mothers’ hospital records were examined by 


two psychiatrists who certified chronic schizophrenia. (After al- 
most perfect reliability of diagnosis was established only one psy- 
chiatrist was used.) Social workers then went to the homes of the 
children and enlisted their cooperation and the cooperation of the 
responsible adults. The children were then scheduled for testing: 

After some children of schizophrenic mothers (Experimental 
group) had been tested we began forming pairs of matched Ex- 
perimental (E) subjects. When some of the Experimental subjects 
begin to become schizophrenic we shall already have made av 
unbiased selection of comparison E subjects who did not become 
schizophrenic. The pairs of E subjects were matched on sex, ag& 
father’s occupation (the best measure of social class in Denmark; 
Svalastoga, 1959), rural-urban residence, years of education, and 
upbringing in a children’s home versus family life. Next, a sing/€ 
Control (C) subject was selected who was matched on these same 
variables “individual for individual” with each E pair. We wrote 
to a school attended by one or both of the E subjects and asked 
for the names of children, at that school, meeting all the matching 
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criteria. The school typically would send through some names. 
The name of the E child was removed; the other names were then 
sent to the Institute for Human Genetics, which returned a report 
on each child concerning any history of psychiatric hospitalization 
or civil disturbance for the child, his parents or his grandparents 
on either side. For example, on Child A we may have learned that 
his grandfather on his mother’s side had been hospitalized for two 
months in 1936 for severe depression. Child B’s record might be 
clean. We would choose Child B, of course, as our control sub- 
ject. A social worker would visit Child B’s home and engage the 
cooperation of the child and his guardians. 

In the case that an E child was in a children’s home, he would 
dina children’s home. C children were 
also sampled from children’s homes. These were checked as usual 
with the Institute for Human Genetics. In most of these C cases 
the parents had divorced, died, or were alcoholics or criminals. 
These controls from children’s homes will be examined carefully in 
the data analysis. In any case, they represent some degree of con- 
trol for the broken home aspects of being a child of a schizophrenic 
mother. Having summarized our subject-procuring methods, we 
shall now back-track and present some of the stages in greater 
detail, discuss problems which arose and our solutions. 


be paired with another chil 


SELECTION or ScHIZOPHRENIC MOTHERS 
We chose to study children whose mothers are process schizo- 
Phrenics for a number of reasons. . 
1. Paternity is sometimes questionable in normal middle class 


i ite sure of our ma- 
families. It might be difficult to be qui ur ma 
hone seo variables with alleged fathers, especially if 


. -e schizophrenic. ‘ A 

2. Siigients eam have more ary ge gd 
phrenic men (Goldfarb & kang? Ins il ee 
ing one the luxury of a larger subject hoe . : a pi poh _ 
in Nykgbing, Sjaelland, we found — he et 
had about five times as many children as ge = i 

81 Psychodevelopmentally, mothers presuma md 8 ts hers 
role in shaping children (Sanua, 1961). a ying ota : 
has permitted us to carry out some research on he eirec! 


i j izophrenic mother. 
being reared by @ schizopl 
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i i i hers yield a 

4. The offspring of process schizophrenic mot 3 

higher rate of schizophrenia (Schulz, 1939, 1940; Lewis, 
1957). 


There are aspects of family dynamics that will be biased be- 
cause we chose mothers. For example, Rosenthal (1962) has shown 
that in a family with a schizophrenic the family members of the 
same sex are more likely to be concordant for schizophrenia. We 


shall expect more of our Experimental girls to become schizo- 
phrenic. 


Dracnosis oF Moruer 


Two experienced psychiatrists trained together and then inde- 
pendently tested their reliability in making judgments from hospi- 
tal records on the form prepared to record the mothers’ symptoms. 
Their agreement as to diagnosis on 20 test cases was found to be 
100%. They merely had to judge whether the mothers were typi- 


TABLE I 
Cuaractertstics or tie EXPERIMENTAL AND ConTROL SAMPLES 


Control Experimental 

Number of cases 104 207 
Number of boys 59 121 
Number of girls 45 86 
Mean age* 15.1 15.1 
Mean social class’ 2.3 2.2 
Mean years education 7.3 7.0 
Percent of group in children’s homes¢ ess 

(5 years or more) 147 16% 
Mean number of years in children’s homes* 6.4 

(5 years or more) 8.5 one 
Percent of group with rural residence? 22% 20K 


* Defined as age to the nearest whole year. 

° Determinations based on Svalastoga (1959). ater 

‘We only considered experience in children’s homes of five yenre Op ght? fay 
duration. Many of the Experimental children had been to children’s homes aS 
brief periods while their mother was hospitalized. These experiences were . ' 
as quite different from the experience of children who actually had to make 
children’s home their home until they could go out and earn their own living: 


2500 
A rural residence was defined : 


as living in a town with a population o} 
persons or less, 
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cal schizophrenics. They were instructed to discard any ques- 
tionable cases. Following this reliability check only one psychia- 
trist checked each record. 


CHARACTERISTICS OF THE SAMPLE 


An initial letter was sent to the family informing them of the 
project and the fact that they have been included in the sample. 
The project has received copious newspaper, radio, and TV cov- 
erage, so that in most cases the family was already somewhat pre- 
pared, Both C and E families were told that we were interested in 
the effect of “nervous breakdown” on the members of the family. 
They were also informed of our need for normal families. We did 
not identify to which group we thought they belonged, but this 
Was usually obvious to them. 

Table II presents the identifying characteristics of the E and 
C groups. 


Procedure 


Until testing was complete none of the researchers was informed 
tegarding whether the children tested that day were C or E. 
(The interviewing psychiatrist could usually guess from the inter- 
view material.) The social worker scheduled all visits. The proce- 
dure was identical for C and E subjects. 


Tue Supyect’s Day 


Testing began at 8 A.M. First S had his height and weight 
taken. He was then escorted to the psychophysiological laboratory 
where he underwent mild stress, conditioning, and stimulus gener- 
alization procedures. He then received a full Wechsler Intelligence 
Scale for Children and an abbreviated MMPI. Then came lunch. 

fter lunch he took two Word Association Tests (single word re- 
‘Ponse and continual association) and completed an adjective 
Check list describing himself. He then returned for a second psy- 
c ophysiology session where he underwent mild stress, semantic 
“onditioning, and mediated generalization procedures. Finally, S$ 
Was interviewed by a psychiatrist and given an honorarium. A 
sub-sample also provided urine samples. 
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PsycHOPHysIOLocy PROCEDURE 
Morning Session 


Recording was done on an Offner Type R Dynograph. We made 
use of a device designed in Dr. Ax’s laboratory to reverse polarity 
of the electrodes every 1.2 seconds. The psychophysiology labo- 
ratory was in the basement of a hospital, in a room separated by 
two tight-fitting doors from a lightly traveled corridor. The humid- 
ity and temperature of the laboratory were relatively constant 
but recorded before and after each session. After washing and al- 
cohol sponging at points of electrode placement, S reclined on a 
hospital bed and was asked to relax. Respiration, heart rate, GSR, 
and EMG electrodes were attached. 

Respiration—An Offner respiration transducer was fastened just 
above the waistline and below the diaphragm. 

Heart rate—Electrodes were attached with rubber straps to the 
ankles and to the left arm just below the elbow. Electrode paste 
was vigorously rubbed in, . 

EMG electrodes-—EMG electrodes were fastened with elastic 
tape 2 cm above the eyebrows and 5 cm on either side of the 
noseline. Electrode paste was vigorously rubbed in. : 

GSR. electrodes~GSR electrodes consisted of zinc, 7 mm in 
diameter, embedded in a plastic cup. Small sponges saturated in 
zinc sulfate solution were inserted into the plastic cup. 

When the transducers were attached, recording was started and 
was continuous until the conclusion of generalization testing. S was 
permitted to relax for 15 minutes. Earphones were then attached. 


Conpitioninc aNp GENERALIZATION PROCEDURE 


Approximately 30 seconds after the tape recorder was started, 
S heard instructions informing him of the procedure to follow. At 
the end of the instructions there was a silence of 70 seconds fol- 
lowed by 8 desensitization presentations of the CS ( conditioned 
stimulus—1000-cps tone). Nine seconds after the final “desensitiza- 
tion trial,” conditioning trials began. Unconditioned stimulus (UCS) 
Was an irritating noise of 96 db (where 0 db = .0002 dynes/cm”) 
presented for 4% seconds following % second after the onset of 
CS (54 db). There were 14 partial reinforcement trials (9 CS- 
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UCS pairings, and 5 interspersed presentations of the CS alone). 
Trials were separated by intervals which varied from 17 to 77 sec- 
onds. 

Following the final conditioning trial, there was an interval of 3 
minutes, following which conditioning and stimulus generalization 
testing began. Generalization stimuli were tones of 1311 cps (GS,) 
and 1967 cps (GS,). There were 9 trials, 3 each of CS, GS,, and 
GS». Duration of CS, GS,, and GS was 2 seconds. The order of 
the CS, GS,, and GS» was counterbalanced. 

The final conditioning and stimulus generalization testing trial 
marked the end of the morning session, which took approximately 
50 minutes. S was disconnected from the apparatus and escorted 
from the laboratory. 


AFTERNOON PsyCHOPHYSIOLOGY SESSION 


Word Association Norms 


Before beginning this pilot study we obtained and tabulated 
word association norms for the Kent-Rosanoff List from 145 Dan- 
ish school children between the ages of 9 and 16 years. This was in 
Preparation for the semantic conditioning and mediated generaliza- 
tion procedures of the afternoon psychophysiology session and 
the Word Association Test. 

In this procedure a psychophysiological response was condi- 
tioned to the word “light” (“lys” in Danish). In mediated generali- 
zation testing we presented the stimuli “lamp” (“lampe”) in Dan- 
ish), “dark” (“m¢rk” in Danish), and “fruit” (“frugt in Danish). 
- hese words as stimuli vary in the probability that they will elicit 
light” a6 an assodiate (61%, 20%, 0%, respectively in the Danish 
Rorms). “Lamp” or “dark” elicit the implicit association “light” 
Which elicits the conditioned psychophysiological response. The 
Strength of this response has been shown to vary with the strength 
Sf association between the generalization test stimulus and the 
riginal conditioned stimulus (M. T. Mednick, 1957; Mednick & 
Wild, 1962), 

he conditioning and generalization test procedures in the aft- 
toon were otherwise equivalent to the morning session. 

Vechsler Intelligence Scale for Children—A Danish translation 
of the WISc in common use in Denmark was used. Danish norms 


O79. SARNOFF A. MEDNICK AND FINI SCHULSINGER 


will be available in the future. All subtests were administered. 
MMPI_—A Danish translation was used. It should be noted that 
norms do not exist for Danish scales. We intend to attempt 1 de- 
velop a preschizophrenia scale. The test was shortened to 304 sr 
by removing items deemed inappropriate or offensive to chil- 
dren. : 
Word Association Tests (WAT)—A Danish version of the Kent- 
Rosanoff Test was administered, The word “mutton” was omitted 
since it is rather unusual in Danish. The words “sun” and “star 
were added to make a total of 101 words. The words were read 
to S with the instruction to respond to each word with the first 
word that came to mind, Response latency was recorded. 
Subjects were also presented with 30 other words and asked fe 
associate continuously to each of them for one minute. Responses 
and response latencies were recorded. We attempted to avoid as- 
sociative chaining by having the stimulus word on a card before $ 
during the entire minute period. 
Adjective Check List (ACL)—A specially constructed list of 
241 adjectives was administered to each S with instructions to 
check those items which he would use to describe himself. The in- 


terviewing psychiatrist, WISC, and WAT administrators also used 
the ACL to describe each Ss. 


Psychiatric Interview 


Each $ underwent a psychiatric interview to assess his current 
diagnostic status, The interview was largely precoded and highly 
structured. The questions concerned S’s mental status, social his- 
tory, and attitudes. There are 94 coding items in the interview. 
Two coders independently coding 20 cases agreed in 100% of the 
20 cases on 69 of these coding items, 95% on 9 of these items, 
90% on 10 of these items, and 85% on 6 of these items. We con- 
sidered the coding reliable for these items. Six other items were 
discarded since they could not reach 85% agreement. 

The psychiatric interview took 30-40 minutes. 


Measures Obtained Outside of Testing Day 
Parentan INTERVIEW 
The social worke: 


ts interviewed the individual responsible for the 
child on questions 


concerning the child’s current behavior, soci@ 


a) 
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development, school behavior, parental behavior, and parents’ 
socioeconomic status. The interview was highly structured. Work- 
ing with 30 cases and 88 coding items, two coders achieved 100% 
agreement on 61 items, 95% agreement on 11 items, 90% agreement 
on 13 items, and 85% on 3 items. We considered the coding reliable. 


Scuoo. Reporr 


A questionnaire was mailed to each S$’s school. Items concerned 
S's relationship to the teacher and classmates as well as academic 
achievement, Of 311 forms sent out, 310 have been received to 
this date. Items were in the “true, not true” form. The question- 
naire was filled out by the teacher most familiar with S. 


Results 


We shall report a group of initial analyses comparing the Experi- 
mental and Control groups on selected measures. The psychophys- 
‘iological data, WISC and Word Association Test have been ana- 
lyzed by analysis of variance and covariance. The remainder of the 
Measures have been analyzed by chi square tests. 


PsycuopuysioLocy 


Description of Measures and Scores 


The GSR data of the morning psychophysiology session have 
een subjected to some analysis. The other channels have as yet 
hot been scored. The afternoon session has not yet been punched 
in IBM cards. (It should be mentioned that it takes approximately 
8 hours of an experienced scorer's time to score one GSR record. 
Thus, scoring the GSR alone took over 2500 man-hours. Each S’s 
Morning session takes 15 fully punched IBM cards.) 

The following variables were measured from the GSR records: 


uF Latency of response. 
2. Time to response peak. 
3. Time from the highest point of the response to full recovery 


from the response. 
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4. Time to half-recovery. If the response was a 10,000-ohm 
drop in resistance, we measured the number of mm to re- 
covery of 5000 ohms. 

5. Basal level. This was measured in ohms resistance by refer- 
ral to prepared conversion sheets based on calibrations. This 
was the pre-response level. ; 

8. Amplitude of response. This was measured in ohms resist- 

ance change. We intend to transform these scores into 
Lacey’s Lability Scores (Lacey & Lacey, 1962). This will 
serve the function of allowing us to evaluate responsiveness 
while removing its correlation from basal resistance level. 
This is essential for interpreting individual records. How- 
ever, for group comparisons we have achieved precisely the 
Same purpose by analyses of covariance using basal level as 
our control variable. 

- Amount of recovery. This was measured in ohms resistance. 

. Angle of recovery. This was measured in degrees of devia- 

tion from the horizontal that the record showed in the 10 
mm immediately following response peak. While this vari- 
able has been scored for the entire sample for every re- 
sponse it has not yet been subjected to analysis. 


[ea) 


Scoring the GSR record was a real chore. Each scorer’s work was 
checked and often double-spot-checked, Scorers were almost only 
employed on a part-time basis in order to reduce fatigue-induced 
errors. Regular scorer-conferences were held in order to discuss 
scoring problems and eliminate differences between scorers. Our 


checking procedures leave us confident in the reliability of the 
final scores, 


Statistica Mrtuop 


A selected group of GSR measures have been subjected to two- 
way factorial analyses of variance and covariance. Our two ways 
have been groups (E vs. C) and age (Group 1: 8 to 13.2 years; 
Group 2: 13.3 to 16.6 years; and Group 8: 16,7 to 22 years). Lacey 
and Lacey (1962) report that in their study of the psychophysio- 
logical behavior of 20 boys and 17 girls, “age was a more pervasive 


and powerful factor than sex.” This was our reason for including 


age rather than sex as the second “way” in these initial analyses of 
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variance, Since our C and E groups differed in N we computed our 
F's for unequal Ns. The age groups (1, 2, and 3) were established 
So as to achieve proportionality of numbers of subjects across the 
two ways (Table III). 


TABLE III 


Anatysis or GSR Darae 


Number of subjects by group and age 


ee Group 
Groups Control Experimental Total 
1 34 6S 102 
2 33 66 99 
3 37 74 111 
104 208 312 


* Cell mean scores were inserted for two 
group 1, one /£-S in Age group 2, and one ¢ 


group 3 in order to achieve proportionality. 


-S in Age 


>, 
PRELIMINARY ANALYSES 


Our psychophysiological laboratory was not temperature or 
humidity controlled. Since certain GSR measurements might be 
Telated ‘to these variables we recorded temperature and relative 
lumidity before each session. The mean temperatures for E and C 
Soups were 23.3 and 23.6°C. The mean temperatures by Age 
Stoups (across E and C groups) were 23.8, 22.5, and 23.8°C. As 
explained above, the reliability of these differences were analyzed 
Py’ @ 2-way factorial analysis of variance. The E-C difference 
Was not significant; the Age groups differences were significant 
(F = 8.91, 3305 af, p <-01). 

The mean relative humidities for the sessions of the E and C 
Soups, respectively, were 42.7% and 38.9%; this difference was highly 
‘nificant (F = 36.30, 1305 df, p< 01). The mean relative hu- 
Midities by Age group were 43.3%, 41.6%, and 47.1% for Age groups 
» 2, and 3, These differences were also significant (F = 7.01, 2305 
id P <.01). We shall take account of humidity and temperature 

analyses reported below. 
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Latency or GSR Response 


Here we chose to analyze the latency of response to the first 
Desensitization Tone and the first two presentations of the Cs-UCS 
(stress stimulus). As can be seen in Table IV the latency of the 
GSR was consistently and significantly shorter for the E group. No 
significant differences were observed as a function of age. The 
reader may note that the mean latencies are apparently shorter to 
the Desensitization Tone than to the CS-UCS. This is probably be- 
cause only the more reactive individuals would respond to the 
Desensitization Tone while everyone (even the “sluggish” re- 
sponder) responded to the CS-UCS. 


TABLE IV 
Latency or GSR 


Points of Measurement Experimental Control Pr df =e Ld 
Desensitization Tone I 1.51 2.09 37.97 1305 < 
CS-UCSy 1.85 2.23 10.76 1305 <0 
1S-UCS, 1.46 1 


75 5.08 1305 <.05 


Age Groups 


a 


1 2 3 Le 

Desensitization Tone 1 1.70 1.63 1.75 _ 
CS-UCS; 2.02 1.99 1.94 me 
CS-UCS, 1.46 1.56 1.66 nies 


* Comparison of E-C groups and ag 


S, icee sat 
© groups on mean latency in seconds 
three points of measurement. 


Peak RESPONSE Time 


The mean Peak Response Times for the E and C groups to CS- 
UCS, were 11 and 9 seconds, respectively. Clearly the E group took 
longer to reach the peak of its response. However, as we shall va 
below the E group showed a larger GSR to CS-UCS). It we 
take longer for this group to reach the peak of its response even ! 
the rate of approach to this peak were the same for both groups: 
Consequently, an analysis of covariance was made with “Size © 
Fesponse to CS-UCS,” being the control variable, The difference 
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between the E and C groups proved not to be significant in this 
case; nor were there significant differences between the Age 
groups. The correlation between “Peak Response Time” and “Size 
of Response” for CS-UCS, was .92. 


Basa. Leven 


Figure 1 depicts changes in basal level of skin resistance for 
chosen points across the experimental session for E and C groups 
and Age groups. Table V reports these in terms of mean level and 
Significance of the observed differences. First we should point out 
a the analysis of basal level during the Third Rest Period showed 

le groups to differ significantly even when covariance controls for 
dertpeiatare and hi oe employed. The i a 


T 


180,000 


Age group 3 7 


r 2 


170,000 


160,000 
Control group 


150,000 b Age group 2 


140,000 Pe. 


a 


130,000 [Experimental group 


ev 
# 
/ 
Age group! a 
120,000 + : a F 


115,000 [— | iso 


Third rest period Cs-ucs I Cs-ucs IV Basal level 


Mean basal level in OHMS 


Time 
Four points of measurement in session 


Fic. 1. Basal levels in ohms across the experimental session, 
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tween temperature and basal level was —.12, between humidity 
and basal level was —.15. This is the typical level of correlation 
between these variables. These are the only analyses which took 
into account the temperature and humidity differences. While these 
analyses suggest that the influence of these two variables might not 
be of great importance, we shall take these variables into account 
in further analyses before dismissing them completely. 


TABLE V 


Basat Levers ix Oums Resistance! 


Points of 


Measurement Experimental Control F df : is 
Third rest period? 128,340 161,700 9.26 1305 <.0l 
Third rest period* 128,340 161,700 7.52 1305 <.0l 
CS-UCS, 140,860 163,180 4.28 1305 < pe 
CS-UCS, 131,150 154,410 6.19 1305 <.05 

ona — nes. 


Final basal level 152,920 166,500 


Age groups 


1 = 
Third rest period’ 116,880 139,000 160,620 7.79 2305 <. 01 
Third rest period’ 116,880 139,000 160,620 7.93 2305 <.0l 
CS-UCS; 121,280 149,060 172,470 8.65 2305 <. 01 
C8-UCS, 115,010 141,460 158,570 $.39 2305 <.0l 
Final basal level 137,060 154,690 178.640 4,23 2305 <.05 


* Comparison of E-C groups and 


. ints 
age groups on mean basal level at four pol 
of measurement. 


® Covariance control for temperature. 
© Covariance control for humidity. 


There are several interesting features of Fig. 1 deserving com- 
ment. The E group is consistently at a lower basal level than the 
C group. The C group shows little change in basal level across the 
experimental session while the E group shows a rapid increase 17 
basal level. The Final Basal Levels are not significantly different. 
It is possible that the E group responded more vigorously to the 
electrode hook-up conditions than did the C group. Consequently; 


the E group had greater distance to go to recover its pre-expel 
mental basal level, 
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The differences in basal level among age groups were even 
greater than the E-C differences. This difference has been ob- 
served in previous research (Lacey & Lacey, 1962). 


AMPLITUDE OF RESPONSE 

As is typical for GSR research, we observed sizable correlations 
between the amplitude of a response (in ohms) and the preceding 
basal level (in ohms). In view of the significant differences ob- 
tained in basal level, we used this variable as a covariance control 
in conducting our analyses of variance on the amplitude of re- 
sponse data. In each case we used as a control the basal level im- 
mediately preceding the response under analysis. 

The results of the analysis of response amplitude is presented in 
Table VI. The largest difference and certainly the most reliable (in 
terms of the size of the F) came on the first exposure of the sub- 
ject to the UCS. In general across all trials, the E group responded 
With greater drops in resistance. On the trials testing for extent of 
conditioning, the E and C groups differed significantly on only one 
of the three trials analyzed. The difference in amplitude of re- 
Sponse on this trial (the final test trial with the CS only) was not 
large, though apparently consistent. It is clear that the E group 
Was considerably more reactive to the UCS (stress) stimulus 


than was the C group. 
The Age group differences are inconsistent and not especially 


Statistically reliable. 
Recovery 

This initial analysis of the recovery of the GSR was not com- 
pletely satisfactory. There are several analyses that must be com- 
pleted before we will be able to draw any firm conclusions. The 
analyses of this run will be reported. First, we analyzed differ- 
neces in amount of recovery expressed in ohms. All of these analy- 
S€s_ yielded significant Fs. The E group recovered significantly 
More ohms than the C group. However, since they had responded 
More, the results were ambiguous. For example, to CS-UCS, the 
erage amount of recovery was 13,890 ohms for the E group and 
9570 ohms for the C group. However, the E group's response was 
23,080 ohms while the C group’s response was 11,070 ohms. Thus 

© E group had recovered only 60% of its response while the C 
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group recovered 87% of its response. This suggests a data analysis 
using a ratio of amount recovered to amount responded. However, 
this would tend to exagerate the slowness of recovery of the group 
giving the larger response. There is only a finite amount of time in 


TABLE VI 
AMPLirepE or Respoxset 


Points of 


Measurement Experimental Control ir df NM 
Instructions on 9,340 6,520 7.00 <.0l 
3-U 23,080 11,070 37.98 <0 
12,020 7,870 13.56 <0 
13,020 5.590 — _ Wes. 
9,366 6,726 9.95 1305 <.0l 
9,170 5,690 17.02 1305 <.0l 
2,824 3,363 _ _ ns. 
2,970 2.360 _ — nS: 
é : 2,396 5.54 1305 <.05 
Age groups 

1 2 bs 
4,760 8.930 11,270 — — MSs 
15,210 22,370 19,690 _ — nee 
7,740 12.950 11,240 4.04 2305 <.05 
6,340 9.270 15,550 = = ns. 
7.218 9,635 8.625 ~— — ise 
6.550 10,080 7.510 4.47 2305 <.05 
3,329 2.565 3,096 _ = ne 
3.010 3.710 1,700 4.52 2305 sé D6 
4,004 3,269 2.375 4.52 2305 <.05 


* Comparison of E-C sroups and age groups on mean size of response in olims 
of GSR at nine points of measurement. 
All of the analyses in this t 


able were conducted with the immediately pre- 
ceding basal level as a coy. 


ariance control. 


which recovery can occur. This time ends with the advent of the 
next stimulus. A small response has a better chance of fully recov- 
ering than does a large response. (Clearly in future testing we will 
have to allow some large standard amount of time following @ 
Stress stimulus to evaluate this variable adequately.) 
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Given our current intertrial intervals (17-77 seconds) a recovery 
measure based on amount of recovery in ohms is a biased meas- 
ure. We also scored our results in terms of the number of mm 
(amount of time) it took for the individual to return to his pre- 
stimulus basal level. Here again the measure is biased by size of 
response and intertrial interval. A measure which is less biased by 
intertrial interval is the number of mm (amount of time) it took 
for recovery half the way (in ohms) back to basal level. (How 
long does it take to recover 5000 ohms of a 10,000 ohm response?) 
Since we only ask for recovery of half of the response, the length 
of the intertrial interval should not be as important. Unfortunately, 
in this run, we only included a single analysis of this nature—time 
to half recovery of the response to CS-UCS,. The E group showed 
“half-recovery” in 8.30 seconds while the C group “half-recovered” 
in 6.26 seconds, This difference was significant (F = 6.51, 1305 
dip< .05). However, when a covariance control for response am- 
plitude was applied the F dropped to 3.01 which is not significant. 
It is not possible to draw a firm conclusion on the basis of this one 
analysis; if anything, it suggests that the E and C groups do not 
differ, significantly, in rate of recovery. We must assess more of the 
Points of measurement using the half-recovery measure with a 
Size-of-response covariance control before we can reach any firm 
Conclusions. . 

In analyzing differences in recovery as a function of age we are 
beset with the same problems as those encountered with the 
E-c comparisons. We shall report the one analysis of half-recovery 
of CS-UCS. with size of response as a covariance control. After 
responding to this stimulus Age Groups 1, 2, and 3 showed half 
recovery in 6.10, 7.68, and 8.96 seconds, respectively. These dif- 
ferences are significant (F = 431, 2305 df, p< .05). Younger 
Subjects recover more quickly from the effects of a stress stimulus. 


GENERaLIzation 

Figure 2 presents the generalization gradients for the E and C 
Stoups. This figure summarizes the data for the first two test trials 
OF each stimulus, As can be seen the E group showed considerably 
MOre generalization responsiveness than the C group. Not only are 
the gradients more elevated but they are also flatter. Table VII 
Presents the same data in terms of mean generalization response 
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amplitude and includes the results of analyses of variance with the 
immediately preceding basal level as the covariance control, The 
differences apparent in Fig. 2 are statistically reliable. ; 
Differences in generalization level may be due only to height- 
ened responsiveness to the CS. Relative generalization is a measure 


TABLE VII 
AMPLITUDE oF GENERALIZATION Resronses*’ 


Points of 

Measurement Experimental Control F df re 
First test 

CS (1000 eps) 3100 2300 me 1305 nes. 

GS; (1311 eps) 3140 1830 5.96 1305 <.05 

GS: (1967 eps) 1982 625 9.68 1305 <.01 
Second test 

CS (1000 eps) 2466 1349 5.26 1305 <.05 

GS, (1311 eps) 2120 820 9.50 1305 <.01 

GS» (1967 eps) 2740 587 2.47 1305 < 05 

Age Groups 
ee 
1 2 3 a 

First test 

CS (1000 eps) 2510 2960 3020 — _ 

GS, (1311 eps) 2520 2930 2670 ~ _ 

GS, (1967 eps) 1479 2163 1011 — a 
Second test 

CS (1000eps) 2015 2656 1665 = — ie 

GS; (1311 eps) 1540 1480 2000 _ = a 

GS: (1967 eps) 1853 3426 © 925 aa — as 


* Comparison of E-C groups 
ohms of GSR at six points of measurement, 


» All of the ana lyses of response amplitude in this table were conducted with 
the immediately preceding 


i in 
and age groups on mean response amplitude 


basal level as a covariance control. 


which expresses amplitude of response to the CS, Computed on the 
basis of group means the relative generalization percentages for the 
E group were 92% for GS; and 87% for GS»; these figures for the 
C group were 67% and 38%. The E group also shows more relative 
generalization than the C group. 


As can be seen from Table VII the age groups did not differ 
Significantly in generalization response amplitude. 
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a 
= Experimental group 
ie 3000 - Control group ae 
£ 
© 
2 2500+ 
6 
a 
Fr 
= 
% 2000+ 
= k. 
3 
= SS 
2 1500+ a. 
—¢ Th 
L os 
1000 re 
~ 
5, 
oe 
500 L ; ; 
{000 131 1967 


Generalization stimuli in cycles per second 
‘ Fic, 2. GSR generalization gradients for experimental and control groups. 
Summary of first two test trials for each stimulus. 


Conciusions Concerninc GSR Resuurs 


l. We predicted differences in response amplitude, speed of re- 
Covery, and generalization responsiveness. The two predictions con- 
cerning response amplitude and generalization were strongly sup- 
ported. While the recovery data are not yet fully analyzed, the 
analyses completed up to the time of this report do not support 
the hypothesis, 

2. Consistent and highly significant differences were observed 
for latency of the GSR response. This difference was greatest for 
the First Desensitization Tone. This difference was not predicted 
but is not dissonant with the general theoretical position. The short 
atency suggests that the E group is characterized by a volatile au- 
tonomie nervous system which is quickly and easily aroused. 

3. The E group is at a considerably lower level of basal resist- 
@nce than is the C group at the point at which we computed our 

"st F (third section of the Rest Period). They show a large 
amount of recovery over the course of the psychophysiology ses- 
Ston. It seems likely that their final basal level at the end of the 
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session is not higher than their presession level. If that is so, then 
it follows that their initial response to the experimental situation 
must have been much greater than any other response we observed 
and measured. Unfortunately the major part of this response oc- 
curred before or during the time the electrodes were attached so 
that we have no record of it except by inference. We may be miss- 
ing the most differentiating responses in the research. It may be of 
value to consider attaching at least the GSR electrodes before intro- 
ducing the subject to the psychophysiology laboratory, either that, 
or consider the possibility of the use of telemetry. 

We can conclude that a group with a relatively high risk of be- 
coming schizophrenic manifests behavior suggesting that, compared 
with a well-matched control group, their autonomic nervous sys- 
tem is at a higher state of alertness or arousal, is more labile in 
its response to both mild and stress stimulation, and responds more 
vigorously to both mild and stress stimulation. This group also ex- 


hibits more generalization of the responsiveness of its autonomic 
nervous system. 


Worp Association Test 


The following variables were measured from the Word Associa- 
tion Test. 


1. Number of stimulus repetitions by the testee. This is the num- 
ber of instances the testee repeats back the stimulus word. 

2. Number of failures to respond. 

3. Number of idiosyncratic responses. It is impossible for the 
principal investigator to make a clinical judgment regarding the 
deviancy of a Danish word association. For this reason a Danish 
psychologist went through every response and judged whether it 
could be said to be a completely personal association to the stimu- 
lus word. A second judge went through a sample of 40 records 
making the same judgment. Agreement on a subject's score was 
almost perfect (r= .98) although this was sometimes based on 
slight variations in the contributing items. 


4 7 $ 

4. Number of fragmented responses. These include response 

which were letters, unrecognizable sounds or not whole words. 
5. Number 


- : ; of 
of multi-word responses. These include responses ° 
two or more words. The instructions ask for single word responses: 
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6. Sum of deviant responses. To get an over-all score for de- 
viancy, all the scores on the first five items above were simply 
summed for each individual. 

7. Number of most common responses. The most common re- 
sponse to each stimulus word was determined by reference to the 
Danish Word Association Norms. The number of such common re- 
sponses was summed for each S. 

8. Number of latencies greater than 6 seconds. 

9. Number of latencies greater than 15 seconds. 


All of the nine variables were analyzed by analysis of variance. 


TABLE VIII 
Worp Association Test" 


Mean 
Menai Experimental Control F df Pp 

Number of repetitions 

OF stimulus word 54 ad 7 = . 
Number of failures 

_ to respond 1460 soci 7 7 ~ 
Number of “idios 

cratic” responses 14.49 10.14 ates ~ coal 


Number of fragmented - " 
_Tesponses 68 80 4.57 1305 <.05 


“tnber of multi-word 


_ Tespons 2.52 1.92 — = nes. 
LUM of deviant responses 19.70 15.30 4.73 1305 <.05 
‘Number of most common 
_Tesponses 23.19 24.66 = = nes. 
“Umber of latencies 
Beater than 6 see. 14.15 15.30 = = hes. 
“Umber of latencies 
Rreater than 15 sec. 3.39 1.98 644 1305 <.05 
« Comparison of E-C groups. 


Table VIL presents the data and statistical analyses of the WAT 
Measures, As can be seen the differences are significant on four of 
the nine measures. The E group gave more idiosyncratic and frag- 
Mented responses and had more response latencies greater than 

Seconds. Of interest is the fact that the C group had more 


286 SARNOFF A. MEDNICK AND FINI SCHULSINGER 


failures to respond and more latencies greater than 6 seconds. 
(Neither difference is statistically significant.) 

The fact that we find significant differences between the groups 
suggests that already some of the E group are beginning to develop 
deviant associative processes. The low magnitude of the group dif- 
ferences reflects the fact that no members of either of the groups 
was seriously mentally ill at the time of the examination. It will be 
of considerable interest to observe the shifts in these scores in fu- 
ture tests with these Ss. 

The largest difference between the E and C groups comes on the 
number of idiosyncratic responses. In general, these are responses 
that would require some explanation in order for an observer to 
understand the stimulus-response relationship. It will be important 
to prepare a distribution of scores on this variable and select out 
the most deviant individuals for more intensive study. For exam- 
ple, do they tend to be “pre-process” subjects on the basis of the 
social data? Do they respond in a deviant manner on the GSR 
measures, or the intellectual measures? Table VIII also suggests 
that we can improve the discriminatory power of “Sum of deviant 


responses” by omitting “Number of failures to respond” from. this 
score. 


WECHSLER INTELLIGENCE SCALE FOR CHILDREN 


A form of the WISC in common use in Denmark was employed. 
This form consists of a translation of the WISC as we know it. 
Norms are now being gathered in Denmark; however, in the mean- 
time we have analyzed the results in terms of raw scores (Table 
IX). Also included in Table IX is an analysis in terms of Verbal, 
Performance, and Full LQ. based on U.S. norms, This is included 
for reference purposes only, 

Tt can be seen that the differences observed between the E-C 
groups are not dramatic. However, there is a significant difference 
in Full L.Q., Verbal 1.Q., and in the Arithmetic, and Coding sub- 
tests. In addition, on every subtest the C group outscores the I 
group. 

; Lane and Albee and their students (Schaffner) have made an 
intensive study of the premorbid intellectual performance of in- 
dividuals who are now schizophrenic. They find that in low¢T 
socioeconomic groups the preschizophrenic has a lower I.Q. than 
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the non-preschizophrenic. In middle and upper socioeconomic 
groups this relationship does not hold. Instead, the preschizo- 
phrenic is at or above his classmates in I.Q. However, he is be- 
low his sibs in I.Q. At both socioeconomic levels the 1.Q. level for 
the preschizophrenic seems to decline in adolescence. 


TABLE IX 
“E SCALE FOR CHILDREN 


WecusLer INTELLIGE 


Mean raw score 


a Measure Experimental Control Fr df p 

Verbal scales 
Information 17.80 18.56 = = ns. 
Comprehension 14.07 15.07 _— = ns. 
Arithmetic 11,34 12.08 7.40 1305 <.01 
Similarities 14.13 14.49 == —_ nS. 
Vocabulary 48.84 52.04 3.55 1305 ns. 
Digit span 9.70 9.91 as — en 


e 
Performance scales 


Picture completion _ me n.s. 
Picture arrangement = — n.s. 
Block design oe —= ns. 
Object assembly 3.72 1305 n.s. 
Coding 6.42 1305 <.05 
Mazes = ns. 
Intelligence Quotients based on U.S. norms 
Performance 100. 04 102.48 2.25 1305 ns. 
Verbal 101.26 104.98 4.07 1305 <.05 
Full 160.70 104.30 4.57 1305 <.05 


“Comparison of E-C groups. 


The findings reported in Table IX add some support to the Lane 
and Albee results. Some sizable fraction of the E group will become 
Schizophrenic. Their scores may be pulling down the average of 
the E group to produce the differences noted. Table IX also pro- 
Vides more detailed information concerning the specific area of 
deficit of the preschizophrenics, Arithmetic and Coding. Both of 
these subtests share the characteristic of requiring more intense 
Concentration than most other subtests. Lubin, Gieseking, and Wil- 
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liams (1962) observed the intelligence test scores taken on cn- 
trance into the army of a group of veterans hospitalized for schizo- 
phrenia. Tests similar to the Arithmetic and Coding subtests of 
the WISC were the best tests to differentiate these veterans from 
those that did not later become schizophrenic. 

In future analyses we plan to use socioeconomic class as a see- 
ond way in the analysis of variance and look for an interaction be- 
tween this and E-C groups as is suggested by the Lane-Albee find- 
ings. It is also planned to isolate the sib groups in the LE group 
and study carefully the sib in each group with the lowest intellec- 
tual performance. 

In follow-up studies of these Ss it would be of interest to test 
for the decrement in LQ. in adolescence which has been reported 
in the retrospective studies. It will be possible to evaluate this index 
as a prognostic measure. We can do this both longitudinally and 
cross-sectionally, 


ScHoot Report 


The school report form consists of precoded items of a yes-no 
nature dealing with the subject’s school behavior. Table X presents 
the content of each item, the percent “yes” ascribed to each group 
and an indication as to whether the difference is statistically sig- 
nificant. Interestingly enough when asked if the pupil, in their 
judgment, is likely to suffer from a serious mental illness in the fu- 
ture, the teachers said “yes” for 19% of the E group Ss. This is not 
far from our best estimate of the morbidity risk in the E group. It 
will be of great interest to see whether these data agree (in the 
selection of candidates for breakdown) with our other sources of 
data. If so, this is very encouraging from the point of view of our 
future interest in preventive work. It means that teachers’ judg- 
ments might be used as an initial screening device. : 

Table X reveals the E group subjects as having some history ol 
having come to the attention of the school psychologist and hav- 
ing been placed in special classes for one reason or another. They 
are also described as more nervous and easily upset, rejected by 
their peers, tending to play alone, passive, withdrawn, and sub- 
dued in activity. This is a rather classic picture of the adolescent 
preschizophrenic. However, in addition to this picture formed by 
the Statistically significantly differentiating items there is a less ob- 
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TABLE X 


. i 
Scnoot Report Form 


Percent “Yes” 


Item content perimental Control 


pupil left back? 10 


*1. W, 
“2. Was pupil seen by psychologist? 13 1 
3. Is pupil's level of performance lower than his 
potential? 26 16 
+. Is pupil quiet and disinterested in class? 50 37 
“5. Is pupil passive, taking no initiative? 52 36 
“6. Is pupil a loner, avoiding his classmates’ activities? 33 pall 
“7. Is pupil rejected by his classmates? 18 8 
8. If pupil is isolated is he content with his isolation? 6 3 
9. Is pupil shy, reserved, silent? 19 1 
10. Is pupil awkward and ill at ease with classmates? 10 5 
11. Is pupil uncomfortable and awkward with teacher? 14 10 
12. Is pupil unduly upset when mildly criticized by 
teacher? 24 22 
13. Is pupil unresponsive to praise and encouragement? 16 15 
"Id. Does pupil get upset for almost no reason? 2 12 
*15. Does pupil become withdrawn when excited? 22 8 
16. Does pupil disturb class with chatting? 17 10 
17. Is pupil domineering and aggressive, creating 
conflicts? 9 4 
18. Is pupil a disciplinary problem? 9 4 
a Is pupil abnormally active? 12 9 
ea Is pupil normally active? 63 80 
21. Is the pupil abnormally subdued? 24 15 
22. Is the pupil abnormally emotionally s 22 18 
23. Is pupil of average emotional sensit 70 79 
Ps Is pupil of below average emotional sensitivity? 9 v 
ae Is pupil nervous? 37 14 
26. Do you think the pupil will have a serious 
ase, BBY tric illness in the future? 19 4 
27. Did pupil attend any special classes (for retarded, 
for poor readers, ete.)? 24 12 


“Item content, percentage agreement for each group. 

Comparisons of the E and C groups were made for each item by means of chi 
“quare. The items which significantly differentiate the E and C groups at least at 
the -05 level are asterisked. It should be pointed out that many of the other 
'tems almost reached this level. 
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vious contradictory trend in the data. Note Items 16, 17, 18, and 
19. These items show that some small subgroup in the E group is 
also described as behaving aggressively and more actively than 
the C group. Thus, we find a picture rather typical for data on 
schizophrenics—extreme variability. 

The analysis described did not take into consideration age or 
sex. It is a rather imprecise picture since many of the questions un- 
doubtedly have sex and age interactions. These analyses will be 
reported in future reports, 


PaRENT INTERVIEW 


The social worker conducted the Parent Interview with S's 
guardian or the adult with the greatest responsibility for raising 
the child (most often the father). The interview consists of 88 
coded items many of which contain several parts. For purposes of 
this interim report we have selected 20 questions drawn from 15 
items. A briefly worded form of the question and the percentage of 
parents saying “yes” is presented in Table XI. 

The parents’ descriptions tend to support the School Report. As 
children, E group Ss are described as both more passive and more 
domineering and aggressive. The mothers (schizophrenic) of F 
group Ss tend to have scolded $ to an unusual degree; they are 
reported to have a poor relationship with S. There are reported to 
be many quarrels in the home of the E group; the father tends to 
win these quarrels less often than does the father in the C group: 
The E group $ is reported to fear the father more than the C 
group S but to prefer to confide in him in preference to the mother. 

This brief, superficial glimpse of the Parent Interview data adds 
to the picture we have of the distinguishing characteristics of the 
E group. The information concerning the mother-child relationship 
and the quarreling in the home are reminiscent of the findings of 
the Rodnick-Garmezy group. 

One note: the picture given by the above analysis of the Paren- 
tal Interview is exceedingly coarse-grained. For example, the 
significant chi square relating to the relatively aggressive and dom 
neering behavior on the part of the E group has its main cont 
bution from the relatively strong showing of the female E-grouP 


Ss. They are more aggressive and domineering than is any other 
subgroup. 
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TABLE XI 
Parent INTERVIEW (SELECTED QuESTIONS)* 


Percent saying “‘yes” 


Question®* Experimental Control 
“1. Asa baby S was passive. 13 5 
*2. Asa baby S was energetic. 87 95 
3. Asa baby S was actively interested in new toys. 91 87 
4 t baby S was emotionally sensitive. 25 21 
5 t child S was friendly and interested in 
strangers. 53 62 
*6. S was aggressive and dominant with other children. 20 10 
KG S was shy with other children. 10 Ss 
8. Sis shy or afraid of current father figure. 31 5 
9 Shas a quiet temperament. 2 SO 
10. 8 is friendly. 98 99 
“UL, S and mother do not get along. 20 5 
ae Mother scolded child quite often. 31 17 
13. Child confided in mother only sometimes or not 
at all, 59 10 
“ld. When $ had a choice he preferred to confide in 
é the father. 45 6 
15. Family harmony was poor (many quarrels). 35 7 
16. If there were frequent quarrels the mother was 
ee usually the winner. 33 18 
17. If there were frequent quarrels the father was 
ang usually the winner. al 92 
- If there were frequent quarrels there was usually 
“19 4 compromise. . 26 0 
on Does the child have friends at school? : 94 99 
“\. 8's hobbies and interests are mainly active rather 
than passive. 86 93 


*“Parent'® refers to the child's guardian or the individual with the greatest 
"esponsibility for raising the child. 

The wording of the questions as listed does not have a one-to-one correspond- 
ence with the form in which the questions were asked. The wording has been 
altered for purposes of brevity, clarity, and in order to fit it into this form of 
Presentation, 
one asterisk next to a pair of C-E “yes” percentages indicates that the fre- 

Neles differ significantly by chi square test. 
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OTHER ANALYSES 


Unfortunately the Psychiatric Interview, Adjective Check List. 
and MMPI are not yet analyzed. From some preliminary analysis 
of the MMPI, it looks as though the E group is being extremely 
cautious in its responses. This is especially true on items with inti- 
mations of abnormality. On these items a higher proportion of the 
C group gives responses admitting more pathology. The analysis of 
the Psychiatric Interview will give us the opportunity of assessing 
the reliability of judgments of the Ss across the Parental Interview, 
School Report, and Psychiatric Interview. 


Summary of Results 


From this superficial pass at the data we can delineate certain 
group characteristics that distinguish the children with schizo- 
phrenic mothers. 

Since they all have mothers who are schizophrenic, in general, 
their home life has not been harmonious but has been marked by 
frequent parental quarrels. The mother has apparently been rela- 
tively dominant in the home. However, her influence has not been 
benign. The child apparently sees her as scolding and unreliable oF 
at least not worthy of his confidences, 

This difficult environment has been imposed upon (or perhaps 
has been responsible for producing) a child whose autonomic nerv- 
ous system is highly labile, reacting to threat abnormally quickly 
and with abnormal amplitude. To make things still more difficult, 
his reactions are not specific but over-generalized, This serves £0 
broaden the range of stimuli that are adequate to provoke this 
sensitive autonomic nervous system, . 

In school, his teachers recognize his tendency to get upset easily. 
He seems to react to excitement by withdrawing. He handles Bee 
relations and classroom challenges by passivity. (Perhaps this mode 
of reaction is learned since it is likely to be followed by the Te 
duction of his anticipatory fear.) Despite the use of pee 
withdrawal he is still approachable and is performing relative'y 
adequately. He still shows his “nervousness” enough for his teache 
to remark on it. However, having begun to learn avoidance be- 
havior it is difficult for him to stop since this takes him away 
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from the very social situations in which he might learn more direct 
manners of dealing with his anticipatory anxiety. Since he with- 
draws, his peers reject him. And the circle gets closer and more 
difficult to break out of. 

While, in general, he performs adequately he has already 
learned to effect momentary withdrawal responses whenever pres- 
sures build up. On tasks which require continuous concentration 
and effort (Arithmetic, Coding) his performance will begin to slip. 

He is a loner much of the time. He does not share associations 
with his peer group as much as does his schoolmate. In addition, 
he is beginning to learn to escape from autonomic arousal by 
drifting off into idiosyncratic thoughts. 

Granted, this interpretative summary is heavily biased toward 
the theoretical orientation of this research project. But while this 
is true it must be asserted that the interpretation has treated the 
facts with some respect. It seems reasonable to conclude that the 
evidence to date does not warrant the abandonment of the whole 
of the theory. 

This description summarized the bulk of the factors that dif- 
ferentiate the E group from the C group. However, there is an im- 
Plicit assumption that there is a single subgroup of the E group 
that is responsible for all these findings. There is absolutely no evi- 
dence that this is so, as yet. Further, it implicitly assumes that it 
is this subgroup that will become schizophrenic. Again, there is no 
direct evidence. One could present an argument for the assertion 
that these findings have relevance to etiology in schizophrenia if 
One would be willing to accept the meaningfulness of the variables 
used to match the E and C groups. 


REFERENCES 


Ax, A, F., Beckett, P. G. S., Cohen, B. D., Frohman, C. E., Tourney, G., & 
Gottlieb, J. S. Psychophysiological patterns in chronic schizophrenia. Paper 
Tead at Society of Biological Psychiatry, 1961. 

Benedict, P. K. Special aspects of schizophrenia. In L. Bellak (Ed.), 
Schizophrenia: A review of the syndrome. New York: Logos, 1958. 

Detroit Area Study. A social profile of Detroit, 1956. A report of the Detroit 

" Area Study of The University of Michigan. 

x arina, A, Patterns of role dominance and conflict in parents of schizophrenic 
Patients. J. abnorm. soc. Psychol., 1960, 61, 31-38. 


294 SARNOFF A. MEDNICK AND FINI SCHULSINGER 


Fremming, Kk. H. The expectation of mental infirmity in a sample of the 
Danish population. Papers on Eugenics, No. 7. London: The Eugenics So- 
ciety, 1951. 

ee J. L., & Thompson, W R. Behavior genetics. New York: Wiley, 1960. 

Goldfarb, C., & Erlenmeyer-Kimling, L. Changing mating and fertility pat- 
terns in schizophrenia. In F. J. Kallmann (Ed.), Expanding goals of ge- 
netics in psychiatry. New York: Grune & Stratton, 1962. 

Kallmann, F. J. The genetics of schizophrenia. New York: Augustin, 1988. 

Lacey, J. L, & Lacey, B. C. The law of initial value in the longitudinal 
study of autonomic constitution: Reproducibility of autonomic responses and 
response patterns over a four-year interval. Annals N. Y. Acad. Sci., 1962, 
98, 1257-1290, 1322-1326. 

Lemkau, P. V., & Crocetti, G. M. Vital statistics of schizophrenia. In L. Bel- 
lak (Ed.), Schizophrenia. New York: Logos, 1958. oe 

Lewis, A. J. The offspring of parents both mentally ill, Acta Genet., 1957, 
7, 309-322. ; 

Lubin, A., Gieseking, C. J., & Williams, H. L. Direct measurement of cogni- 
tive deficit in schizophrenia. J. consult. Psychol., 1962, 26, 139-148. 

Mednick, M. T. Mediated generalization and the incubation effect as a func- 
tion of manifest anxiety. J. abnorm. soc. Psychol., 1957, 55, 315-821, 

Mednick, S$, A. A learning theory approach to research in schizophrenia. 
Psychol. Bull., 1958, 55, 316-327. 

Mednick, S. A., & Higgins, J. (Eds.), Current research in schizophrenia. Av 
Arbor: Edwards, 1961. 

Mednick, S. A. Schizophrenia: a learned thought disorder. In G. Nielsen 
(Ed.), Clinical psychology. Proceedings of the XIV International Congress 
of Applied Psychology. Copenhagen: Munksgaard, 1962. 

Mednick, S. A., & Wild, C. Reciprocal augmentation of generalization and 
anxiety. J. exp. Psychol., 1962, 63, 621-626. : 
Rosenthal, D. Familial concordance by sex with respect to schizophrenia. 

Psychol. Bull., 1962, 59, 401-421. 

Sanua, V. D. Sociocultural factors in families of schizophrenics. Psychiatry, 
1961, 24, 246-265, . 

Schulz, B. Empirische untersuchungen uber die Beidseitigen Belastung mit 
endogenen Psychosen. Z. Neurol. Psychiat., 1939, 165, 97-108. 

Schulz, B. Kinder schizophener Elternpaare. Z. Neurol. Psychiat., 1940, 168; 
332-381. 

Silber, D. Studies relating to arousal in schizophrenia. Unpublished pape" 
University of Michigan, 1962. 

Sobel, D. E. Children of schizophrenic parents: Preliminary observations 0! 
early development. Amer. J. Psychiat., 1961, 118, 512-517. 

Statistiske Meddelelser, Befolkningens Bevaegelser, 1959. Det Statistiske De- 
partement, Kgbenhavn, 1961. 7 

Strémgren, E. Trends in psychiatric genetics. In F. J. Kallmann (Ed.), ead 
panding goals of genetics in psychiatry. New York: Grune & Stratton, 1967- 


CHILDREN WITH A HIGIE RISK FOR SCHIZOPHRENIA 295 


Svalastoga, K. Prestige, class, and mobility. Copenhagen: Gyldendal, 1959. 

U. S. Bureau of the Census. U. $. Census of Population: 1950, Vol. IV, Spe- 
cial Reports Part 4, Chapter B, Population Mobility—States and State Eco- 
nomic Areas. 'U. S. Government Printing Office, Washington, D.C., 1956. 

Whitehorn, J. C., & Zipf, G. K. Schizophrenic language. Arch. Neurol. 
Psychiat., 1943, 49, 831-851. 

Williams, M. Psychophysiological responsiveness to psychological stress in 
early chronic schizophrenic reactions. Psychosom. Med., 1953, 15, 456-462. 


General Discussion 


Gardner Lindzey (Chairman) 


Vandenberg: I have been accumulating a few points that I would 
like to introduce and I will try to keep this very short. As a result, 
it will look as if I am jumping from one topic to another. I could 
connect them in a more elegant way but I would have to spend a 
lot more time than I think that I should. A few of these questions 
have also been suggested by previous speakers. They could be 
very interesting topics on which we should perhaps focus more di- 
rectly in future work. 

Picking them off in random order, the first question is whether or 
not those skills which are earlier manifested in a child’s develop- 
ment are going to show higher heritability. We really haven’t any 
evidence on this, but I would like to mention that Stewart Hunter 
in his 1959 Ph.D. thesis at Michigan found what seemed to be a 
Temarkable correlation between the time of eruption of teeth and 
the heritability index; that is, the earlier a tooth erupts the more 
clear-cut the evidence in the twin data for genetic control. This 
ight also be true in human skills that don’t depend much on spe- 
Cific training, for example, walking, or, at least certain aspects of 
Motor development. Perhaps walking is already too complex. Com- 
plex skills are probably too complicated to expect such a simple 
relationship. The next idea which I would like you to think about 
is that maybe we are looking at the whole thing in the wrong way; 
Maybe abilities or traits are not hereditary at all. Of course they 
must be governed to some extent by genetic mechanisms, but the 
Overlay of experience etc. may be so great that we never get to the 
Senetics, Perhaps we should look for deficiencies, marked absences 
™ certain skills, whether cognitive or personality, which most peo- 
Pe have, but which are occasionally grossly deficient. This may be 
4 better approach. Then, relating to my first question, there’s the 
‘“Uestion of whether a more trainable or changeable variable would 
Show greater or lesser evidence for hereditary influence. This might 
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be the most interesting place to start. On one hand ‘ain can bi 
theoretically, if it’s possible to reduce environmental Sercenerd . 
should push up hereditary variance; but it may not be a ’ nm 
ple. If there is a third component, the interaction, that is rea > ie 
most important, you could get all kinds of mocap 4 
The next quasi-random thought I'd like to throw out is = oer 
haps the variables on which there has been the strongest ee pan 
pressure might show the greatest genetic determination. ie ie 
going to find it because almost everybody has been broug| ny ite 
a certain level. In this connection there are two interesting pap a 
by Post (1962a, 1962b), a review of relaxation of selection ae 
sures on anomalous color-vision and on aberations of acuity in tie 
sion. Although these are just reviews of published material, ie a 
dence he was able to collect fits together. There seems to e by 
somewhat higher incidence of anomalous color-vision and of ai 
Ous acuity aberations in civilized societies than in primitive 7 des 
ties. You can readily hypothesize that there is, has been, - = 
deed continues to be relaxation of selection pressure for re 
things because they are no longer important in our aiilkiies creel 
kind of model might be interesting to use on some more at 
phenomena. I would like to close with a few remarks about t ci Sie 
ferences in heritability which were reported, First of all I fee roi 
we should be very much aware of the fact that estimates of me a 
bility are going to differ between populations. In addition I w on 
like to emphasize that the degree to which various eae 
ure hereditary components may differ for very subtle — 
Was very much impressed with the fact that two tests which en 
very similar and have high correlation in populations give ine eke 
ferent estimates of heritability. This need not be a question 0 6 
validity or reliability of these tests; it could lead to somewhat mor 


‘ fore 
experimental work. That concludes what I wanted to get in be 
the general discussion, 


Sutton: I should like ¢ 
dealing with biochemic 
really no new inform 


© mention some lessons I have learned fi 
al traits by the twin study method. Ths = 
ation here, but I think many of us are sc, 
of how important the nature of the variables in the populati ‘ 
really is. One of these has to do with the excretion of B-amino- 
isobuteric acid, one of the amino acids in urine, and the one 
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which has been shown to be clearly under genetic control. In a 
typical Caucasian population perhaps 5% of the people excrete 
very much larger amounts than do the rest of the population. High 
excretors occur within certain families. If we look into racial 
groups, such as Orientals, we find that the frequency of high ex- 
cretors goes up to 50%. Here demonstration of the genetic control 
is a fairly simple matter. Whether it is a simple Mendelian trait or 
not is subject to debate but certainly it is genetic. I was therefore 
somewhat surprised when we analyzed the data by the Hol- 
zinger method to find no evidence of heritability. Further reflection 
made it quite obvious why there was no evidence of heritability 
since out of our 80 pairs of twins only perhaps 2 or 3 pairs would 
have fallen in the high excretor range, and we were dealing with a 
trait in which most of the variability was simple laboratory meas- 
urement. Now we cannot really conclude that we are dealing with 
a trait that is not heritable; we must just make sure that we are 
dealing with one in which there is biological variability. Had our 
twins come from a Chinese population I am quite confident that 
the gene frequencies would have been such as to give a very high 
heritability. Another trait which we studied was lysine excretion, 
where the evidence for a genetic factor was less clear, although an 
Sccasional Caucasian excretes consistently large levels of lysine. 
We have found that among Orientals the frequency of high lysine 
€xeretors is high, but unlike the -amino-isobuteric acid this excre- 
tion is readily manipulated by diet. On a typical western diet they 
exerete high lysine; but if you cut down protein, lysine excretion 
Tops out. This is particularly of interest because of possible selec- 
tive factors, Lysine is an essential amino acid and it is the one which 
is most likely to be absent in the diet. Again we found no clear-cut 
€vidence of ‘lysine heritability, although the racial studies indicate 
quite a bit of genetic variation, simply because we failed to focus 
attention on the environment for this population. The third trait 
which I shall mention is PTC tasting. Here we did find heritability. 
© Went through the usual analysis, even though the distribu- 
tion is not quite normal in this case, and the appropriateness of this 
type of statistical analysis must be questioned. In the case of PTC 
We do have an alternate independent reason for classifying a per- 
Son on the high-low threshold continuum although the distribution 
'S continuous, I am not sure what we would have done without 
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any prior knowledge of possible bimodality and it is doubtful 
whether it would have occurred to us to look for it. It takes a fairly 
large body of independent information to be sure about the shape 
of the population distribution for a given variable. So I think what 
we can learn by the twin study methods is at most a clue to traits 
which are likely to have a large genetic component in the popula- 
tion under investigation, and in a particular environment. For this 
reason I am a little bit pessimistic about the effort involved in much 
more elaborate types of investigation, because the figure you 
wind up with is still a non-generalizable estimate of genetic vari- 
ance. 

On a different level, I would like to emphasize points that have 
already been made. The study of metabolism was tremendously 
advanced by the use of genetic blocks as a means of isolating steps 
in metabolism and, I think the same sort of thing may prove true 
in the psychological studies. We might compare some of these psy- 
chological variables to a blood clot which is due to an exceedingly 
complex process, each part of which is under genetic control. If we 
merely look at clots, we will never find out what is going on; it 1s 
really the failure to clot which yields useful information. One final 
remark: I mentioned to Dr. Lasker last night one correlation 
which I have not heard mentioned since its original publication; 
perhaps some of you know more about it. It seems to be an im- 
portant thing to follow up. There was a report about 4 years ago 
in Science relating intelligence or performance on Army classifica- 
tion tests with uric acid levels in the blood. Now there’s good evi- 
dence that uric acid levels are under genetic control; the condition 
hyperuricemia is inherited as a messy dominant and the correlation 
with performance on this particular test was clearly significant. As 
far as I could see it was a very good study, but it has not been 
followed up. I should think that this would be a very fertile asso- 


ciation to explore, and perhaps it has been and I don’t know any- 
thing about it. 


Harris: Well, the study has been repeated, but that has not bee? 
published. 


Sutton: This is what happens sometimes. I think it was DeWitt 
Stanton, Jr. who did it. But, I've had no contact with the people 
who did it, so I don’t know if any further work has been done. 
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Vandenberg: Well, it may be like the situation with Tanner’s 
(1950) correlation between critical flicker fusion and intelligence. 
There was a good correlation. It has been checked by a number of 
people but the negative findings are generally not published. 


Harris: I have a few comments and reactions to various comments 
that have been made. One thing is this: you people have done 
quite a bit of work in which you looked at the phenotypic cor- 
relations between two traits, how these two traits or these two 
tests correlate over a population of individuals. You have also spent 
quite a bit of time looking at heritabilities. Another statistic in this 
same general area is the genetic correlation between the two traits. 
It seems to me that both Dr. Loehlin’s results yesterday and some 
of the comments here, would suggest an interest in breaking 
down this phenotypic correlation into its parts, which the people in 
animal and plant breeding have been doing for some time. The 
phenotypic correlation does not tell the whole story. You have the 
correlations between the genetic portions of the phenotype, the cor- 
relations between the environmental portions of the phenotype and 
in some human data due to the family structure you may have 
cross correlations between genetic portion for one trait and envi- 
ronmental portion for the other. F ‘ollowing the path coefficient pro- 
cedure of Wright, you can't break this phenotypic correlation 
down into four terms. If you consider most simply that phenotype 
equals genotype plus environment for two traits, these four terms 
will involve the square root of the heritabilities, the square root of 
One minus the heritabilities, genetic correlations, environmental 
Correlations, and the cross correlations between genotype and en- 
vironment. Just to get the ball rolling, I have dreamed up a 
Procedure for estimating genetic correlations between two traits 
from twin data. What I have is analogous to the Holzinger method 
of estimating heritability and suffers from the same inadequacies. 
You take your twins and arbitrarily call one twin 1 and the other 
2. This actually was suggested by Hazel for estimating genetic cor- 
Telations for parent-offspring data. The appropriate formula for es- 
timating the genetic correlation between traits i and j is 


(Cov'ijig — Cov? ii) (Covi. — Cov? 3,5) 


7 Younus; YovD..; 
(Covi,i. — Cov? i,j.) (Cov M3, — Cov i,3,) 
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Where Cov"i,j2 is the covariance between the i,, trait in twin 1 and 
the jm, trait in twin 2 for monozygotic pairs, Cov”;,;. is a similar 
value for dizygotic pairs, ete. This formula would estimate 
Covi(@) — Cov,;(F.S.) 
Vi[e%e: — CovaF.S)] [o%s; — Cov FS.) 

where Covi; (G) is the genotypic covariance between trait i and j, 
Covi; (F.S.) is the covariance between traits i in an individual and 
trait 7 in its full sib, and Cov; (F.S.) is the covariance for trait i 
in pairs of full sibs. I think it might be informative to see how the 
relationship you observe between these two traits, these two tests, 
is determined by genetic forces and how by environmental forces. 

Let me make another general comment. In biometrical genetics 
we consider that we have a continuous distribution and when we 
go into this sort of analysis, we have little hope of understanding 
the basic mechanisms behind the expression of this trait. In as- 
suming a large number of loci with small effects we are saying 
that this trait is too complex to treat at the single gene level. Cer- 
tainly if the trait is that simple, you gain by looking at it in that 
way. Look back in history. Galton was supposedly studying inheri- 
tance by looking at the same sort of things we calculate here, cor- 
relations, regressions, etc. Although his work developed a lot of 
Statistical tools, he didn’t get us very far in understanding the ba- 
sic mechanism of inheritance. On the other hand, Mendel, by look- 
ing at some very simple traits, was able to get at the basic mecha- 
nism of inheritance, and the premise of biometrical genetics was 
that this knowledge of the mechanism should help us in further 
interpretations. When we start looking at a new trait we should 
see if we can classify it into classes. Do we have a bimodal or 
trimodal type of distribution? Do we have unusual individuals 
way out on the end? They might be quite informative and quite 
interesting, but the role of these biometrical procedures is in de- 
scribing the population when we have truly a continuous variation. 


Cattell: A constant difficulty I have experienced in discussions 
with animal geneticists is the fact that with their traits the gen 


type is much more obvious in the phenotype, than it is in psy” 


chology. Your last few remarks bothered me a little. You suggested 
that by looking at the genotype we might do a little better, but ! 
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think that a bimodal distribution in the genotype is most likely to 
be completely obliterated by the time the environment has had its 
play in behavioral traits. I wonder if you will tell us a little more 
about the kinds of genetic variances that would be most useful for 
you to examine with the methods you described earlier. If 
Wwe can get separation of genetic and environmental variances in 
continuous traits what groups would you want? What should we be 
aiming to supply? Sibs from cousin marriages, sibs from non-cousin 
marriages, what kinds of variances? 


Harris: Well, as many as you can. What I presented earlier was 
4 parameterization for the covariances between relatives. If we 
have several covariances between relatives which are involved in 
these within and between family variances we could equate your 
sigma squared BH and sigma squared WH, which could be ex- 
panded into these terms that we had here yesterday. 


Cattell: But by the restriction of our kind of investigation we are 
almost bound to have people of the same generation. They would 
be all of the child generation, for example. We would not have the 
Covariance of the parents and children or mother and son. If we are 
Testricted entirely to the child generation, what can we say 
about thise 


Harris: Well, the types of covariances that you can get out are 
Monozygotic twins, dizygotic twins, and full sibs. I am not familiar 
“nough with your data to know how readily available covariances 
of half-sibs or cousins, etc. would be. 


Cattell: As I see it, these things are immediately derivable from one 
‘nother in our data today. Identical twins, fraternal twins, sibs and 
half-sibs all will have a standard relation to one another. The only 
different groups would then have to be sibs and half-sibs with a 
different degree of relationship with their parents. There is going 
to be a standard relationship of the genetic variance of half-sibs 
and full sibs with whatever trait we study. 


Narris: If the mechanism of gene action was such that all of the 
Senotypic variance was additive genetic variance then each one of 
these Would be just simple multiples of the others. Much of our 

Neoretical work, and a lot of our experimental work in many 
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fields has been based on this assumption, but I am very skeptical 
of this assumption. When we look at the complexity of the biochem- 
ical and metabolic reactions that must be going on in the forma- 
tion of these observed traits, it seems very likely that we have high 
order dominance and epistatic components of variance. If things 
are additive that’s very good; but we can’t make them that way by 
assuming it, and in our development we should allow for the possi- 
bility that they are not. If we do have these high order compo- 


nents of variance, these different covariances will not be simple 
multiples of each other. 


Cattell: Then we have an inconsistency, because in the MAVA 
model and also in the standard twin method we are assuming 
additivity. For example, in the model I described, if you use full 
sibs and half-sibs as a basis for separating your environmental and 
hereditary effects you are assuming additivity in that separation 
process. We would have to rewrite these equations to conform with 
the genetic ones which you described. 


Harris: Well, I hadn’t realized that. 1 wondered how you arrived at 
your results. I knew there must be some assumptions involved in 
boiling down all the possible between and within variances into 
few enough equations so that you can get solutions for them. 


Cattell: Just to clarify, we assume that the variance in the genetic 
component with full sibs is half of what you have with half-sibs. 


Harris: So one of your assumptions is that all of the genotypic varl- 


ances are of the additive type. Well, I'm skeptical of that assump- 


tion. 


Cattell: It would be very difficult to rewrite the equations to han- 
dle variances in any other way, except in a trial and error fashion 
where you'd put in different constants for different degrees of 
epistacy and just see what happens with these different figures: 
You'd have a whole series of solutions which is perhaps not really 
too bad. It would be quite a job, but it ought to work. Each of 
these solutions for nature-nurture ratio and for the hereditary vat" 
ance contribution would have to be tried again in your various g°& 


netic models and this lands you into the problem of varying two as 
sumptions at once. 
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Lindzey: I think that you implied that there is enough genotype- 
environment interaction so that it does not matter too much what 
the underlying genetic mechanism may be; in the end you are go- 
ing to get something like continuous variation. In any case it seems 
that there is a clear research strategy difference here and I think it 
is a very important issue which runs through all the studies we 
have talked about. One of the dangers which any psychologist runs 
in this kind of research, is being lured by the romantic appeal or 
general interest of the variable, rather than being influenced by the 
likelihood that the variable lends itself to some reasonable genetic 
analysis. I think immediately of race differences in behavior. This 
is one of the major areas in which social scientists and geneticists 
have worked together on a common problem. It seems clear to me 
that the most illuminating data on race differences and behavior, 
With a few very recent exceptions, were produced 60 years ago, be- 
fore the Binet revolution. This is before psychologists moved to 
ble, and before they moved to projec- 


intelligence as a unitary varia 
achievement variables. 


tive techniques and various other complex 
I wouldn't say all of the intelligence data are worthless but they 


are a poor return for the number of man hours that have been put 
into this particular kind of questioning, particularly in comparison 
to the very high rate of return for a very small number of studies 
Using simple sensory-motor measures. 


Cattell: Yes, I think that this is a very central problem. There is a 
Stowing difference of emphasis and one must choose either the 
Usual taxonomic or individual differences approach or a rather spe- 
Cial one for genetic purposes. While I certainly wouldn’t close my 
©wn mind to an approach through genetics, I do want to make an 
ppeal for the advantage of keeping the common field of discourse 
Which one gets in dealing with standard factors derived from in- 


dividual differences. In this connection I believe that three distinct 


Sets of variables will be proposed and worked upon. First, there 
Second, there are con- 


Wi : 
vill be factor analytically derived concepts. é 
roblem, i.e. a person 


Cepts which are derived from addiction to a p 
ular theme, or a particular prob- 


h on it. Third, one simply takes 
some type of random 
tics we would want to 


14s chosen for some reason a partic 
5 i" nee 
™ and wants to center his researc 


a aa 
i from the personality sphere by 
“Ampling. Now I would assume that in gene 
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avoid this third approach, i.e. research on a highly specific variable, 
because there are an infinite number of them and no two psycholo- 
gists seem to mesh under such conditions. Let me give an illustra- 
tion. Six or seven years ago when Scheier and I started working on 
anxiety, we went through about 400 studies in the literature and 
found about 280 ways of measuring anxiety. I think there were only 
3 or 4 repetitions of the same variable. This third approach of just 
taking a variable and hoping that someone else will think it is im- 
portant enough to work on is pretty hopeless. This leaves one with 
the other two. Even if you had a concept which is not factor ana- 
lytically derived, you are eventually going to have to test whether 
this concept is a factor analytic unit. If you are interested in a cog- 
nitive style, or a response pattern in tests as proposed by Messick, 
sooner or later you are going to ask yourself, “Am I talking about 
one thing or am I talking about two or three?” If it turns out to 
be three different things operating together, all the work must be 
redone, because you do not know how much of the association you 
found with various criteria was due to component A, component 
B, or component C. The factor analytic treatment of a concept is 
fundamentally axiomatic and leads to variables which are just as 
reliable as if they were directly tested. In that case, I think, one 
would either choose a problem by “addiction” and then factor ana- 
lyze it or get the factors on the basis of a stratified, random, oT 
some sort of representative sample of the variables. This would 
give us personality factors like dominance, submission, cyclothy 4 
mia, schizothymia, and anxiety, etc. It seems very worthwhile to 
me to establish nature-nurture ratios for these well-known dimen- 
sions, because they are going to be reference points anyway, in @ 
lot of clinical, educational and other work. An increasing number 
of criterion relations will be hung on them and the concepts are 
going to become enriched, so they make a natural point of cross ref- 
erence for genetic investigation. But then—and now I would veer 
to the position of Vandenberg, Harris, and Loehlin—it is always 
possible that we will have just 
these dimensions 
might give us so’ 
get into these y 
from at least t 
of looking for 


a series of nature-nurture ratios. If 
are related, we are in trouble. Another approach 
me patterns which are not purely genetic. Here on 
arious methods which I think have been reportec 
hree different points of view. Dr. Guttman’s method 
factor structures which persist and Dr, Vandenber$ § 
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factoring of twin differences of fraternal and identical twins for dif- 
ferences in the factor structures, both look for structure in the ge- 
netic part of the variance and the environment part of the variance 
separately, This is very good, but I don’t think this is so funda- 
mentally different. It is perhaps only a matter of order; whether 
you first factor observed phenotypic variables and then ask for 
the nature-nurture ratios on these factors, or whether, on the other 
hand, you first find out whether variables are highly genetically or 
highly environmentally determined and then factor them sepa- 
rately. It is not quite this simple a dichotomy, of course there are 
Variations. Thompson, a few years ago, wrote a short article which 
appeared in the Eugenics Quarterly in which he proposed that a 
factor might be the effect of a single gene. A factor analysis might 
Pick up pleiotropic effects and assign all these diverse bits of 
behavior to the one gene which is causing them. 

Well, things could turn out this way, but I don’t think so. On the 
other hand, Dr. Lindzey, to pick up your last example, we have 
been factoring intelligence material somewhat more sensitively 
than has been done before. Using strategic choice of variables and 
Sreat care in rotation we've pulled out two general factors instead 
of one. There is a good chance that intelligence will appear as two 
actors: one seems to load cultural variables a good deal, while the 
other is the more traditional variable of innate intelligence. If this 
's the case, it might turn out that the 80 : 20 ratio which has typi- 
cally been reported by Burt and others might become 100% for the 

uid general ability; so at this juncture I am not quite as pessimis- 
tic about finding pure genetic determination of some of these phe- 
Notypic traits in the population, 


Lindzey: It seems to me, there are really three different potential 
areas of disagreement here. The first has to do with the level of 
analysis, that is the complexity or simplicity of the response vari- 
a les you work with. I would say that all the variables you have 
™M mind are complex variables, what I would call complex achieve- 
Ment variables, The second has to do with the method of choice 
Or identifying variables. The third area of potential disagreement 
Telates to Dr. Guttman’s work, and deals with the difference 
Petween looking for a genetic mechanism in connection with the 
Lariables as opposed to looking for a structure or interrelationship 
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among the variables and being concerned with the possibility of 
genetic mechanism for the structure. 


Cattell: In which direction are you using the word complex? Isa 
factor complex because it is a variable estimated and derived = 
many variables, or is a single variable complex because it is as 
rived from much abstraction and really is a mixture of many 


things? 


Lindzey: It would depend upon the variable. For example, : 
would consider any factor to be complex in comparison to visua 
acuity. 


Guttman: May I say something about studying the simple variable? 
Try to find as simple a variable or group of variables as you pee 
I say this looking at the history of genetics and what we = 
achieved today, going as far as the analysis of the genetic ant 
Remember how this was built up. This beautiful integration os 
achieved by amassing a great amount of knowledge about wha 
Dr. Fuller has called trivial traits, such as the number of bristles in 
the sex comb, things that are of use only as markers to label scan 
osomes. But with enough knowledge someone else can compoune 
a theory and get down to a more molecular level. Take the agri! 
of eye color in Drosophila for instance. When they started to et 
eye colors, they didn’t know they were going to run into a ee 
tiple allelic system and really discover something terribly imp 

tant, they just studied different eye colors as they found them. 
When Miiller first did his radiation experiments he was ready 
take anything that came, simply for the sake of learning mor 

about it. Of course this may not be a parsimonious way of doing - 
We have no certainty, especially with psychological traits, that - 
simple trait which I can measure beautifully is going to be oe 
cally determined by one or even by five or six genes, but I thin 

it is our best chance of arriving at a solution. 


Lindzey: It should not be our exclusive choice. 
Guttman: Not at all. 


Lindzey: If I understand Dr. Guttman correctly, she is suggesting 


* a ye 
that the simple process may be neglected simply becauce PS) 
chologists in general are less interested in these. 
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Cattell: There is just one point here, possibly there has been mis- 
use of history in an argument. You are saying this is what hap- 
pened, what was successful. But, of course, factor analysis and 
measurement of factor analytically derived variables was only pos- 
sible recently, so it could not have been applied. This is like saying 
that few people successfully got to their destination by automobile 
before 1850. 


Guttman: No! I didn’t mean that. I meant that the approach used 
then is the approach which will be successful again. I really believe 
that. 


Vandenberg: Maybe it would be better to use the contrast between 
observed data and abstract concepts instead of using the dichot- 
omy simple or complex. Although we cannot work without some 
concepts, for certain types of work it is usually more profitable to 
stay close to the observable data. In psychology we have no di- 
rect data. It is always abstracted to some degree, but the degree 
of abstraction varies widely. A measure of visual acuity is for in- 
stance a lot less removed from the original data than a factor in a 
factor analysis of personality ratings. 


Cattell; But, if you want a concept, Dr. Vandenberg, if you are go- 
ing to get far enough away from the data for an abstraction, I 
Suggest that a factor concept is more standard. It is something that 
will last even though minor changes in interpretations may occur, 


Vandenberg: Well, I’m the last one to argue against the value of 
factor analysis, but I’m not sure that a factor is always more stable 
than the basic variables which went into it. I think some of them 
are more stable. 


Lindzey; Actually, Dr. Cattell, the history of psychometrics 
Within psychology doesn’t really support you. I am not arguing 
Against factor analysis or against factor analytically derived tests, 
but Tam arguing for diversity. It seems to me, that it is thoroughly 
€gitimate for people to adopt an approach to variable identifica- 
tion and definition that does not involve factor analysis. If we look 
at the history of variables and tests in psychology, the outcome 
Tom factor analytically derived tests is no more impressive than 
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, . i acd : igs age 
the outcome from item analysis, ordinary methods of item hor 
geneity, etc. 


Cattell: I would agree with that, but I still would say tet i 
best approach lies somewhere in between Minnesota and age 
There is the added problem of the lack of follow-up studies. i 
tough going: I don’t know how you are going to get people to 
them. 


Nichols: This brings up another criterion for the kinds of varieties 
to work with. You are suggesting, it seems to me, that the = “ 
test may not be superior because it does not necessarily ge a 
any higher with things of social importance than do some ° _ 
kinds of variables. The criterion of social importance is one we 
should look for in human behavior genetics; the only reason I can 
see for working with human behavior at all, is its pai 8 ai 
people. If you are interested in genetic mechanisms, the prob = 
in human behavior make it almost impossible to work with a ‘ 
Trying to find simple measures because these may be closer ey i 
genetic mechanisms doesn’t seem to be a compelling argument. a 
this is your interest, you should not be working with — ‘a 
the first place. Perhaps in human behavior genetics we shoul 


3 +14 re im- 
interested in the genetic components of variables which are i 
portant to people. 


Lindzey: By people, do you mean professional people, or do you 
mean people in general? 


Nichols: Well, I think either of these criteria would be juaetiinble 
For instance if Dr. Cattell is interested in surgency, aes 
this may not be important to everybody else, he would be justi — 
in wondering what the nature-nurture ratio was. If SOENRS = 
Were interested in an “ability” for inventing patentable devices a 
cause this is of social importance, even though such a variable ee y 
be completely factorially complex, he would be justified in stu¢y 
ing the nature-nurture ratio of this variable. 


Guttman: Even the. 


‘ a 
re you would have to go down to the lower levé 
In the process of Pp 


p ich is cel 
roducing better plants and animals, which . : a 
tainly important to society, the plant and animal breeders sk 
had to consider the length of the shank and other measures which 
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at first, you would not have considered to be of importance; but 
they were convenient to work with. 


Lindzey: You would not have to go down to the lower level. I 
am not arguing for a molecular approach as the only approach, 
and we could probably agree on some complex socially important 
variables which should be studied. For example, someone could 
make an important contribution to behavioral science in a study of 
schizophrenia. Collecting new data is the most important thing, 
since enough is known now so that data could be collected which 
would remove most of the major ambiguities for genetic analysis. 
Somebody who gave a full and sophisticated statement of what is 
known about genetics and schizophrenia would also be playing a 
very important role. I'm not arguing against complexity, but I 
would argue strongly against taking society’s definition of prob- 
lems; there is no reason to think that society knows what a variable 
is and Dr. Cattell and I agree completely that the identification of 
an important variable is a very difficult and exacting task. 


Cattell: Psychologists seem to take pride and joy in choosing some 
variable that no one else has ever worked with. 


Vandenberg: It’s so safe. 


Fuller: This is true in animal studies too, Dr. Cattell, where we 
Presumably are dealing with less complex behavior. One point 
which I would like to make may be obvious, but does get over- 
looked. If you take a single gene character such as phenylketonuria, 
it is very simple genetically: it’s an enzyme deficiency. However, 
it is simple only in one sense, for the phenylketonuric apparently 
differs on almost every one of your factors on personality, or in- 
telligence, He has convulsions and shows physiological differences. 
hus genetic simplicity does not imply phenotypic simplicity and I 
think the reverse is true also. Phenotypic simplicity from the be- 
MAViorist’s point of view does not necessarily imply simplicity. If 
Wwe don’t keep this in mind I'm afraid that we are going to get so 
badly fooled that we will be completely lost. 
Cattell: 1 think there is a model to handle this in factor analysis. 


Ne factor order concept states that in this order you have these 
factors and behind them you have these higher order factors, which 
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are operating on different levels from the first set. Moreover, I think 
that this is a very promising model, since in some instances we 
found very much the same thing you are describing. The enzyme 
is a single factor at the physiological level; but at the behavior 
level it is effecting a distinct behavior structure. Within the same 
framework, we can handle these things at different order levels. 


Lasker: A point made by Dr. Nichols is very pertinent to what I 
have to say, although my point of view happens to be just the re- 
verse. We are not interested in simplicity from a psychological 
point of view if we are going to understand genetic mechanisms; 
we are interested in genetic simplicity, otherwise we are not going 
to get anywhere. Why is it, for instance, that nobody here has taken 
the measurements of phenylketonurics for a whole variety of psy- 
chological variables? Why isn’t this an immediate thing? Of connie 
the results may be negative. It has also been suggested that os 
high uric acid correlation is important. Maybe you do not get di ‘i 
ferences soon, but you have to try many times before you 
anything. Once you get a few physiological variables all the di : 
ferent psychological variables which may be related could - 
studied. This method is at an analytic level and not some abstrac 
factor analysis that’s purely intuitive. 


Cattell: Oh! But the very method which you are suggesting is part 
of this model I have just described. You are saying these are pheno- 
typic psychological factors and at another level phenylketonuti¢ 
chemistry produces the changes. 


Lasker: We could use both factors and variables, but we should 
start with the abnormality. 


Cattell: That would be a high order factor. It would be a oe 
among factors; it would come out as an influence upon severa 
your primary behavioral factors. 


e 
Lasker: It could be measured as a comparison. The parents of 
patients who carry the genes could be compared to the control ; to 
respect to both variables and factors. It would be more analytic 


., . i ae 
begin with the raw variables and see whether phenylketonuria eo 
tributed to any variables at all. 
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Lindzey: I certainly think there is agreement about the importance 
of starting with genetic entities as one approach. I don’t think any- 
one will argue against this, but I would argue against the notion 
that we are only looking for genetic simplicity because I think this 
is unlikely to be observed for many psychological variables. 


Lasker: I am sure that is correct. There are other methods of ap- 
proach besides the twin method. Some of them have not been 
worked into a formal model. I will mention one, and introduce 
something completely new to the discussion. If some of the more 
extreme behavioral manifestations turn out to be related to homo- 
zygosity, one property of the homozygosity might be considered. 
The homozygous individual inherits the gene from both parents 
either because of a single mutational event in their common an- 
cestry, or because of diverse mutational events. The possibility of 
its being a single mutational event is always increased in cases in 
which we are dealing with a rare condition. I had originally thought 
of using this property in reference to the question of non-traceable 
Consanguinity; in my hypothesis, the distance between the birth- 
places of the parents of individuals with a known homozygous con- 
dition might be less than that for those who are not homozygous 
for much more common conditions. I don’t think this has been 
studied. It could be tested on some known genetic entities (such as 
the blood groups) and then expanded to some of the rare psycho- 
logical configurations in a mass survey. When you approach very 
large populations with the rarer configurations, you might find out 
if the parents’ birthplaces were closer together. There are also en- 
Vironmental factors involved, so that it is not completely perfect 
analytically; but it is another scheme for getting genetic correlations. 
Some subsidiary questions about mutation rates, selection pressures, 
and other factors that would influence these rare characteristics 
Would have to be considered, but this is an approach which has not 
een mentioned previously. 


Gottesman: I’d like to mention some data from the area of intelli- 
Sence, Fortunately my statement does not concern any of the tests 
which any of the people here are particularly concerned with, be- 
Cause it weakens the idea that a factor may elicit more genetic 
Variability than the mass of information found in general intelli- 
Sence tests. The heritabilities calculated in twin studies for tests 
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like the Otis 1Q, or the Stanford-Binet are around the haa 
you look at the work of both Blewett (1954) and Vanden es eames 
on Thurstone’s Primary Mental Abilities Tests you find oper eg 
going from zero to the high sixties; and in Blewett’s wor " te. 
ond order factors, the heritability dropped down to the la roe 
That would argue against some of the things which Dr. Ca 
Was suggesting. 


Cattell: You are contrasting the relatively low — — 
Thurstone Primary Mental Abilities with the high heritabi 2 ae 
general intelligence test. There is a second order ieee ine 
general intelligence test. The general intelligence test corresy 


“marjes, wouldn't 
to a second order factor among the Thurstone Primaries, w 

2 
you say? 


5 ) 
Vandenberg: I think there is a complication here ig = en 
forget. Whenever you calculate a factor score as popes 
you are getting away from the raw data and you om _ os we 
going to lose something when you calculate heritabi a, at ir 
mated scores. You are losing some of the information ab 
dividual twins. 


“iratelve Surely 
Cattell: Won't your single variables measure less es at 
if you hypothesize that some generalized traits are inherited, 


60 

A : irreleve specifi 
single variable is heavily contaminated with irrelevant s{ 
variance. 


. -elated 
Vandenberg: Well, the specific variance is probably highly re 
to the underlying genetic mechanism. 


iia P ; factor 
Cattell: Suppose this variable can be divided into a — 
and a specific factor, which part are you interested int 


cop teunOre 
Vandenberg: Well, we don’t know whether the common pe ve 
related to heredity or to environment. Similarly, we don 


or 
+ : . ne rental, 
whether the specific variance is more hereditary, environn 

mainly error. 


Cattell: The problem of estim: 
tion as in the other. In 
subtests in intelligence 
or contribute little 


re 
ation is just as great in the _ oo 
one case you add up ten mgt ” at 
tests, and hope your specifics wil in the 
as the common variance adds up; while in 
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case of the single variable you are making a poor estimate of your 
specific because you have so much common variance in it. My 
guess would be that in estimation your error is greater in the single 
variable if you are interested in a specific in it, than it is in adding 
the subtests to get a common factor. 


Vandenberg: If you do a factor analysis of physical measure- 
ments, factors do not have as high heritability as original measures. 
Some of the highest heritabilities are for the length of the nose and 
this has a very low communality. If you get a factor score on this 
that is low, your communality will not be nearly as high. Maybe you 
can’t compare concepts of physical anthropology with concepts in 
psychology, but it is useful to consider. 


Cattell: The nose length is specific and the total stature is a general 
factor in this context. Is there not a common factor? 


Vandenberg: I doubt that there is. 


Cattell: Is the inheritance of the nose length better than inheri- 
tance for stature? 


Vandenberg; I think it is. 
Cattell: Even when corrected for stature? 


Vandenberg: Well, this has not been done, but there is hardly any 
relation. I think there is none at all. 


Lasker: This points up the reason I would like to see not only 
general heritability from twin studies but also attempts to get more 
Specific information like the possibility of homozygosity from con- 
Sanguinity studies. In the same comparative framework you could 
test both factor loadings and specific variables against consanguin- 
ity and find out which ones show some tendency to run up in off- 
Springs of consanguineous matings or even in the much less specific 
model, I suggested, where distances between birthplaces were used. 


Cattell: On this social importance issue which Dr. Nichols raised, 
I think ] share Dr. Fuller’s views on the importance of the variable 
Studied. But I would point out that in an agricultural institution 
M South Carolina they are very much concerned with the practical 
Matter of the amount of lean meat in bacon. Perhaps we are not 
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near enough to breakfast to feel this is important (laughter), but 
they factor analyzed the pig, and found out what factors were de- 
termining leaness, so I don’t think these two views on the impor- 
tance of the factor are antithetic. 


Harris: Many of the remarks which I have made now seem to be 
based on the faulty assumption that psychologists are pretty well 
settled on the traits they were interested in and how to measure 
them. Certainly this is the biggest and probably the most impor- 
tant problem you have, i.e. deciding on the measurement of your 
traits. My animal and plant breeding associates, when they are 
interested in the trait of weight, go and measure it. It is not quite 
that simple in your situation and the definition of your measures 
seems to be where your effort has been concentrated. Now I think 
this brings us around to a basic contrast of two possible approaches 
—do we first decide what traits we are interested in and how we 
measure them and then go into the genetic analysis, or should we 
bring these genetic considerations into the determination of the 
measurement of the trait. I think my remarks about the correlation 
between two traits are relevant here. Let us consider the trait yeu 
are interested in, e.g. intelligence, and call this a primary trait, al- 
though I guess you use the word primary a bit differently. Then, 
consider the test which measures this trait as an indicator trait. 
The relationships between this indicator trait and the primary trait 
may be genetic or environmental in origin. Do we want to bring 
these genetic considerations in and find the measurement trait that 
measures the Senotypic portion of this primary trait? I'm a little 
vague about how to do that, but is that what we want to do? Or is 
that what we want to do in certain circumstances? 

Lindzey: I don’t think there can be any clear answer to this ques 
tion. If it were not for genotype environment interaction, there 
would perhaps be a clearer answer, A priori it seems very likely that 
some of the variables which are most important to the psychologists 
may involve such important genetic and environmental interactions 
that trying to have two Separate representations, two separate val) 


bles, would leave you with most of the variance slipping through 
your fingers. 


Harris: Very likely. 
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Lindzey: There has been a lot of comment about the advantages 
and the importance of doing family analyses of the sort which has 
not been done very much in this area, and Dr. Cattell points out 
that this is difficult for most psychologists because they have their 
own instrument which they want to get data on here and now. 
This isn’t altogether true, but the exceptions involve a pathological 
behavioral character or, in a few cases, intelligence studies, but 
these all present measurement problems. The only place where 
enough data might be available for a limited analysis would be in 
Some of the growth studies in which there are batteries of tests ad- 
ministered over a period of 40 years. Here you would have parents 
and sibs and in some cases grandchildren. This would be worth 
looking into particularly for someone in the child area. People with 
4 major interest in this area should think seriously about encourag- 
ing facilities for routine collection of behavioral data on a long term 
basis, Many simple behavioral measures could be acquired without 
great difficulty or great cost, and with a minor expenditure of time. 
With census data, this kind of thing goes on all the time. I think 
Someone in Dr. Vandenberg’s position, sufficiently altruistic to con- 
Sider how his data might be useful to someone else later on, might 
find this a very important adjunct to a research program. 


Vandenberg: Since you brought this up I shall try to remember 

ancy Bayley’s major address at the Berkeley meeting. It followed 
Cocktails and a heavy dinner, so you will have to forgive me if Tm 
Maccurate, She gave a very impressive report on the mass of data 
from the Berkeley growth study in which they calculated correla- 
tions between parental and child attributes, and data from other 
Studies. She had a few remarkable generalizations—one was that 
the effects of parental attitudes, or differences in treatment showed 
NO correlation with the intelligence of girls, but it did with boys. 

ys who had been treated somewhat less lovingly showed poorer 
Performance, 


Lindzey; Are these child rearing attitudes? 


Vandenberg; Yes, primarily measured by PARI and older question- 
Naires, and by actual interview assessment of the parents’ person- 
alities, Since parental attitude made a difference only for boys, she 
Concluded by speculating that there might be a genetic vulnerabil- 
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ity to stress or to somewhat hostile rejecting attitudes. This a one 
show the kind of analyses we could do with systematic pibsniay ce 
such studies, because she emphasized that this was an . : P oe 
facto attempt to find relationships which were never esa tice 
studied. It was quite remarkable, I think, and really nie mee 
consistent. The changes in the correlations between the es — 
of children and parents were quite clear cut; these boys 7 > 
ances were never as high as you would predict on the Se 
increased similarity between the intelligence of children anc mee 
parents. This was true for boys in families with a rather “an 
attitude; for the other boys and all the girls this correlation shov 

a regular increase (with time) to a very sizeable correlation. 


Lindzey: This ties in very directly with our earlier Peoarnried 
about the possible implications of the XY chromosome dis wate 
in the sexes and the relative role of environmental and a aa 
variance. I agreed with the prevailing opinion that the sede a 
tion of environmental variance should be somewhat less in ther 
male than the male. In the mouse, my data and most of the 4 a 
evidence indicate that the female mouse is under much less on " 
lus control than the male mouse; it is much more difficu me 
control behavior or assign variance in behavior to environme ie 
variation or stimulus variation for the female mouse than mk of 
male mouse. Many odd behavioral studies have similar sorts 


2 “edi able 
results, for example, studies in which male data yield predict 
results but female data do not fit. 


Freedman: How about Witkin’s study? Is this welcome here? mre 
that study was on humans it would be pertinent as a re’ 
diction to what we have discussed here, That’s probably os 5 or 
gest study directly concerned with the question, “Are “ sal ae 
females more determined by the environmental cues?” The fem: 
came out to be more influenced. 


Vandenberg: That is 
laboratory situation. P, 
real life situations, I a 
such a generalization, 
in this case. 


in @ 
a special kind of environmental ag” eH ns 
erhaps you cannot generalize from tha oe 
m not denying that you can frequently it 
I am raising the question of whether you 
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Cattell: One other implication of the remarks by Drs. Lindzey and 
Lasker which I would like to see realized is the notion of a subject 
pool. A subject pool would be an advantage in longitudinal studies 
with comparable variances in a population. This has been done 
sporadically in the twin realm. In 1936-1938 there was a group in 
New York who got a set of twins together on which they all ex- 
perimented. Is it possible that the participants at this conference 
could do something like that? 


Lindzey: Isn’t there a major twin registry being constructed? 


Vandenberg: Well, there are several besides the twin clubs. The 
National Institutes of Health is organizing one for twins who are 
discordant in mental illness. 


Lindzey: But that is specific. 


Vandenberg: There is one for the Veterans Administration, but I 
know of none for young twins. 


Nichols: Perhaps we could get a few questions about twin status 
and discordance for certain variables in the next United States 
census, especially on separated twins raised apart, or twins that are 
discordant for certain variables. We might obtain useful informa- 
tion which could not be had any other way. 


Vandenberg: I believe that was considered during the last census 
planning, but there were so many other things that it was not pos- 
sible, 


Lindzey: The director is very sympathetic to behavioral research. 
I think that is a very important suggestion, and I think immediately 
Of the role which Bar Harbor has played in terms of making avail- 
able isogenic strains and various other special varieties of mice. 

here is no doubt that the reason more is known about genetics and 
-ehavior in the mouse than any other mammal, is this service by 
Bar Harbor. You do not have to sit down and produce your iso- 
Senic strain, or go out and look for twins; you just secure mice from 
“ar Harbor, I think the incidence of meaningful twin studies would 
™™mediately increase manyfold with a comparable central source. 


Lochlin; Does the present census list twins? 
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Vandenberg: I believe multiple births are listed, but not the sex 
nor does it say whether it is a boy-girl pair. You can get that in- 
formation by checking with birth registries, etc., but this is clearly 
not economically feasible. 


Nichols: One available source is the National Merit Exam which is 
given to some 600,000 high school juniors each year. It would be a 
simple matter to insert an item screening for any kind of rare 
person—“Do you have an identical twin who is reared separately 
from you?” This gets checked yes or no, and later the computer 
could pull out the people who answered yes. 


Vandenberg: Returning to the question of having a national nee 
source, I am sure you all are aware in Russia they had an insti- 
tute for twin studies which was disbanded after a very few years 
and never really got very far. Twin camps were organized in Ger- 
many just before Hitler took over, and they actually persisted for a 
few years after he came to power. But, as far as I know, nothing 
relative to heredity was ever published. They invited twins to @ 
camp for a period of several weeks; and they were planning to 
do all kinds of observation studies, The camp routines and organized 
games would be observed to follow normal activities, and some 
standard testing procedures would be used. I think that was a won- 
derful idea, you wouldn’t need a very large group of twins to get 
useful results, I think that Gedda has a camp in Italy, but I know 
of no studies with it. It is used to induce people to cooperate with 
the institute, but it has not been exploited as a situation for sys 
tematic data collections. Perhaps some summer we could try such 
a camp with a number of people to observe these children and giv¢ 
whatever measures they agreed upon. If the children enjoyed the 
camp enough they might return, so you could keep following ger 
same twins. You have to give the subject something. We have a 
done very much of this, but I have become very much aware tha 
you can't keep people indefinitely otherwise. You could give oe 
medical or psychological advice, an occasional party, at least some 


; : a 
contact, something to show them that you are concerned with them 
as people. 


Guttman: In the future wh 


5 we 
en we start a study, whether or not 
intend to use two gener: 


i arent 
ations, getting information on the pare! 
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generation might be worthwhile. We should make that information 
as specific as possible, keep the addresses in our files for future 
reference, because eventually we may want to know something 
about the parents, simply as a general technique without even 
knowing what we will find. 


Cattell: | believe Sweden has quite a model organization and a 
twin registry. 


Vandenberg: It is only for the lower part of Sweden though; I be- 
lieve it is called the Province of Scandia. 


Cattell: Florida may be doing something like that. 


Lindzey: British Columbia is also; they have actually a geneticist 
who is working out a suitable computer system. 


Cattell; Ideally you could press a button and have the IBM 
cards tumble out for any age or group of twins you want to study. 


Lindzey: Dr. Vandenberg, there is one serious problem in all of the 
continuous studies, particularly when you get beyond simple re- 
sponses into the kind of research which a social psychologist or a 
Personality psychologist would be doing. There is a tremendous 
interaction across tests or between tests and someone in a study for 
& long time will develop an attitude toward the project and the 
investigator. This means that with time the findings become less and 
less generalizable even to another population of twins, let alone to 


the general population. 


Vandenberg: That is one of the arguments that may persuade 
Subjects to cooperate. I tell them they will have quite an advantage 
a college placement tests or entering the Army with experience in 
test taking. I know of no way to avoid these effects. 


Loehlin; I would like to stress the importance of not sticking solely 
to twins, It seems extremely useful to me to have similar data on 
Adopted children. Studying adopted sibs versus natural sibs would 
Present problems, but, the twins’ social situation presents problems 
‘so and these are different problems. Something that holds up in 
oth cases ig more valid than something applying in just one case 
r the other, An extension to the adopted sibs situation might give 
® useful correction. 
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Vandenberg: Dr. Cattell, 1 wonder if I am correct in believing that 
you have investigated the possibility of getting adoption informa- 
tion from agencies? If so, could you tell us a little bit about your 
experience? 


Cattell: I'm afraid I'm not very well informed because | delegated 
this job to a very extrovert research assistant who talked to a variety 
of agencies in Chicago, Boston, and New York. He got cooperation 
of about two-thirds of the agencies, and perhaps ultimately ons 
third of them cooperated in the sense of leading to persons coming 
in and being tested. We got the definite impression that we were 
dealing with a selective group of the population somewhat toward 
the lower socioeconomic level in the adoption sample, because in the 
middle class family it is far more common for a relative to adopt 
child and frequently the adoption agency steps in only if there ae 
no relatives who can look after the child. So, I think it is practical 
to do this only if you are prepared to go after about three times the 
cases you actually want. It would be much better if one could ove! 
come the usual attitudes and find placement agencies which = 
free from the particular prejudices encountered in certain sects and 


subgroups. 


Witherspoon: There is also the question of confidentiality ale 
adoption agencies always guard very carefully, This is importan’ 
but it makes it difficult for scientists to get information. 


i ‘ ; : , i aded 
Nichols: Do you think some adoption agencies might be persuader 
*. > : be a 
to place twins with separate families at some distance from 0! 
another? This would be wonderful 20 years from now. 


Lindzey: You would need to find an adoption agency compelle . 
by scientific motives, Most are naturally concerned primarily with 
the child’s welfare rather than what is best for research, and % 
they felt that it was psychologically better for the twins to be 
reared together or at least know of each others’ existence, I'm su™© 
they wouldn’t change their decision, 


Cattell: There are patterns in social work that change. 
be 


Loehlin: If you could demonstrate conclusively that it is bad to 
brought up as an identical twin then you're in business. 
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Freedman: I don’t think that would be difficult to demonstrate. 


Lasker: There might be possibilities for this adoption work far su- 
perior to the United States, places in which the whole field is more 
open and where there is no social stigma to adoption. This is espe- 
cially true in places in which the maternal death rate is much 
higher. People don't have these attitudes about the real mother, 
when everybody has intimate friends who were raised by an aunt 
or stranger as happens where maternal death rates are high. I sup- 
pose Korea might be a possibility; I know Mexico is. In some 
countries there is a specific pattern for adoption even when the 
parents are both alive and everything is going well. There is a 
Social obligation if they have lots of children to let the childless 
relative have a child. In China, the childless sister often gets a son 
from a sister who has several. 


Lindzey: I’m sorry we haven't said more about Dr. Guttman’s 
discussion of examining structure, personality organization, organi- 
zation of traits and the possibility that there may be genetic co- 
variation, which could be estimated independently of whatever the 
Senetic determination of the individual variables or traits may be. 
Is that an accurate statement of what you were saying? 


Guttman: A very nice statement. 


Lindzey; We are involved in an intercorrelation study now in the 
Mouse, in which we hope to be able to show that there are dif- 
ferences in the organization of the traits, aside from the identifi- 
able heritability of the various traits. I think this is a fundamental 
Problem which is tied to the whole question of generalizability of 
laws of behavior. If there are important structural differences be- 
tween people besides the variations in the particular value of in- 
‘vidual variables, the problem of generalization becomes much 
More severe and the importance of a typological model becomes 
Pressing, 


Vandenberg: I quite agree, the importance of a typological model 
'S important. Dr. Nichols told us a little bit about the ratio be- 
tween the linguistic and the numerical or quantitative score on the 
Staduate record exam. Now it is a well-known fact that people 
have different values for this ratio and that there is a fairly clear- 
Cut sex difference. You do have both males and females with a 
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reversed ratio, but there seems to be a rather pervasive relationship 
to sex. This view of abilities is unique in being derived largely from 
a particular technique of measuring the likelihood of success in 
graduate school, but this may be such a structural variable since the 
total score is not different, but the ratios for the two sexes are. 


Nichols: This ratio is highly reliable. 


Vandenberg: Is this a question of training? We might have been 
discouraging little girls from doing certain things and little boys 
from doing certain other things and pushing them in different di- 
rections. Little boys do behave differently from the very beginning 
as I was told at the Harold Jones Child Study Center; they go out 
to the sandbox, rain or no rain, and the little girls play house, rain 
or no rain. No matter what you do you can’t get the little gitls 
to go out, and you can’t keep the boys in. These children were 
1% to 2 years old. Now has there been parental pressure in their 
past? How early could you observe this? We've been talking @ 
great deal but not doing anything about the possibility of studying 
very early differences in our children and trying to increase them 
by giving one twin systematic training and not the other, the 
co-twin control method. Ideally one would like to do this in a 
nontrivial area; perhaps giving systematic training to one twin to a 
crease his verbal score on some later test and another type of ta” 
ing to the other twin to increase his numerical or quantitative 
score. If this could be done it would be of extreme interest and 
might link studies of heredity and studies of early environmenta 
effects. I think the co-twin method is a very powerful one, but 
there are some terrific practical problems in organizing such @ 


study. 


Lindzey: This particular discussion points to one of the long term 
astigmatisms in psychology. When people in psychology talk about 
Sex as a parameter or variable they seem unaware that it is 2 
least in large part a genetic variable. I’m sure that the reason t 
variable became so important during the thirties in American py 
chology is because it was not considered to be a genetic variab'® 
This leads back to our earlier discussion on. selecting character 
or variables. Obviously the selection should be diverse with eve?Y” 
body using his own strategy, but one strategy is thinking in terms . 


his 
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natural selection, evolution, and fitness. There are then some vari- 
ables which are more suggestive, or which offer on an intuitive 
ground a higher likelihood of success than others. In connection 
with little girls, 1 think immediately of maternality, which obviously 
had to have enormous fitness for many thousands of years. This 
variable has not been worked with a great deal, but there are 
Scattered findings that suggest a certain amount of identifiable 
constitutional control. Levy, a clinical psychoanalyst, found one sta- 
ble correlation in his very complex and largely clinical study of 
maternal overprotection and maternality. First of all he found a 
great deal of stability in his ratings of maternality, so that even 
Over time and even using as predictors behavioral events that came 
early in life he could predict actual behavior with babies. The only 
correlation that stood up was the correlation between the diameter 
of the pigmented area of the nipple and maternality. 


Freedman: This work was repeated at Brandeis and it didn’t work 
Out terribly well, but certainly Levy is right in suggesting tre- 
mendous adaptive value. An infant has a hard time sucking on a 
breast with a short nipple. 


Harris; A possible conceptual approach to this sex difference is 
Suggested by considerations in dairy cattle genetics, where, of 
course, only ‘the females produce milk, but the males have a geno- 
type which has value for milk production although it is not 
expressed. In traits where there is a sex influence upon the mani- 
festation of the phenotype it might be conceptually possible to con- 
Sider that there are actually two traits involved, the trait in female 
individuals and the trait in male individuals. Each individual has a 
Senotype and a conceptual genotypic value for both these traits, 
but only one of them gets expressed as a phenotype, depending 
On the sex of the individual. I am not sure what kind of estimation 
Procedures would follow from this. 


Lindzey: Is the male trait actually derived from data? How do you 
™ake an estimation on the male for the female trait? 


Harris: You find the genotypic value of the male for milk produc- 

tion with a progeny test on his daughters as another indirect assess- 
5 < 

Ment, : 
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Freedman: Dr. Lindzey raised an evolutionary or Darwinian point 
of view. What are the adaptive traits which have been important 
in man’s evolution? One would immediately, and perhaps not il- 
logically, make the jump to genetic control. I think the logic is 
pretty strong for thinking in terms of adaptive traits from an il 
lutionary point of view. Maternality is an excellent example ence 
it occurs in some little girls at age 12. For example, we have simi 
nice concordances in identical girls on the love of dolls, as oppose¢ 
to other habits. It would be extremely fruitful to think of man as a 
essentially biological structure who is adapted to the world in he 
own unique way, just as the ethologists look at their birds and te 
fish as having particular structures. Recently ethologists have ~ 
getting interested in genetic mechanisms; this provides a fr Mi 
ful approach to problems on both the animal level and the humat 
level. 


Loehlin: To get back to these cows, are there any observable al 
ferences between the bulls that carry these high milk productio 
genes and those who didn’t? 


iated traits 
Harris: I don’t think there have been any other associated tt wt 
pointed out. There might be some correlations with growth mea 
urements, but these are not high. 


Guttman: The best bulls generally produce the best a 
they produce cows with the best milk production, they pres u d 
heavy cows, and cows with big udders and all sorts of meet 
traits. You're generally not looking at the bull, you're looking at } 
many daughters. 


. son and 
Harris: Actually these relationships between milk production oat 
other physical characteristics are not as strong as some propone 
of animal judging would like to think. 


Nichols: This is changing the subject a little bit, but there an 
be differences in the degree to which people will rely on the ee he 
model in thinking about human behavior genetics. This may 8 
analogous to the reliance on neurological structure for aera 
know that behavior depends on neurological action, but gf ‘ 

proven to be expedient to study the structure of behavior ee 
more or less ignoring the fact that it depends on some lower le tic 
Some people seem willing to take this attitude toward the gen® 


GENERAL DISCUSSION 327 


model. Dr. Vandenberg proposed earlier that we isolate the heredi- 
tary component of correlations, factor these, and determine the 
structural or the unitary, hereditary influences which probably 
would have no direct relationships to actual genes at all. Such in- 
fluences might be meaningful in the same sense that Dr. Cattell’s 
factors are meaningful, even though they are not identifiable with 
any more basic structures. Other people scem more interested in 
attaching behavior differences to a specific genetic model. 


Stafford: I would like to say something about test development. We 
could do more about developing tests for genetic purposes. 


Lindzey: I would argue strongly against exclusive emphasis on de- 
veloping behavioral variables to simply reflect genetic covariation. 
This may be repetitious, but the genotype-environment interaction 
is of such crucial significance, that in devising transenvironmental 
measures or measuring characters so buffered that they do not 
interact with the environment, you may be dealing with such a 
Special class of phenomena that you are putting yourself out of busi- 
ness as a psychologist. The variables which are most important 
psychologically are likely to be loaded with a heavy interaction 
component. This makes the problem difficult, but we should not 
resolve the difficulty by simply avoiding the problem. 


Stafford: I would agree with you, I am saying let us get a few 
Promising traits and evaluate them. The danger you mentioned 
has not yet approached; we do not have a lot of tests which 
show genetic influences and nothing else. I'll run the risk of finding 
a behavioral characteristic which is almost entirely genetic with very 
little environmental interaction and then worry about its meaning- 
fulness to psychology. 

The second thing ‘T want to mention is the twin study in Ed- 
Win Nolan’s dissertation at Princeton around 1958. Unfortunately 
© tested a very small number of twins, but he tried to reach 
a “private” level. He obtained some TAT material, and some other 
Personality characters, and then he worked out a hierarchy of 
tests, For objective. tests, he found identical twins closer than 
fraternals as usual, but as he went down his hierarchy into more 
Private tests, he found areas where identicals were much farther 


*part than the fraternals. 
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Lindzey: Is this corrected for attenuation? As you go down this list 
the psychometric problems are getting more grave and the un- 
reliability of your measures is probably increasing. 


Stafford: Well, Nolan did find this divergence at the private level 
and Newman, Freeman, and Holzinger (1937) also have comments 
on this in their book on twinning. They said there are certain unique 
psychological processes going on especially with identical twins. 
They try to take some opposite roles, they tend to want different 
things, one does dominate the other a little bit. I merely suggest 
this as one approach which has not been brought out in this a 
ing, and which should be pursued with larger numbers of twins ane 
more elaborate instruments. I already mentioned that we might 
consider cross-homogamy. If we're going to look at homogamy bi 
ought to look at different traits, such as the husband high in music 
and his wife high in reasoning. There may be some cross-mating 
attractions here, so run the intercorrelations with everything; ie 
cross-validate. Stepparents present another approach to the 
redity-environment problem. Here is a parent who had the one 
environment. He married and raised the child just as if he we 
the true biological parent, but without the true biological 7 
tionship. Correlations with stepparents would tend to show a 
environmental effect where we could rule out the genetic vein 
although we would still have to be careful about homogamy 4m 
assortive mating. or 

Another point I'd like to bring up as an adjunct to a regis i: 
would be data exchange; with access to the data someone else cou 
possibly use it later in another context, 


. ality for 
Lasker: May I interrupt to suggest a concrete samme te 
this, the American Documentation Institute of the Library of 
gress. Is that widely used? 


Vandenberg: Yes, it is beginning to be used. 


" ‘ - than raw, 
Loehlin: The data are likely to be intermediate rather than 1 
that is correlated matrices rather than raw data. 


Vandenberg: The editor de 


: pi 
cides what is going in there, the A 
doesn’t make that decision. 
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Lasker: The important data are those that are already described 
and published so you have an idea what they are about. 


Stafford: I have made an agreement to have my raw data put in 
ADI, but I’m concerned about anyone knowing it is there. 


Lasker: Have it described in an article which is published in an 
index where people will find it. 


Stafford: Perhaps the people who are interested in behavior ge- 
netics could have a list of what raw data are available, so they are 
a little more accessible and use the ADI as a place for safe keeping. 

I have one further point which is concerned with cross-valida- 
tion. In genetics there are many ways to check a hypothesis against 
data collected on sets of individuals having another relationship. 
Such cross-validation could frequently be done on one’s own data. 
For example, I’m interested in trying to study gene frequency. One 
approach which I have thought about to search for a sex-linked 
characteristic, is to take the score distributions of males and females 
in a large population. If having a high score is based on an under- 
lying recessive gene, one should be able to go down the distribu- 
tions to the place where the percentage of the males is the square 
root of the percentage of the females. This would be another way 
of tapping genetic information. In other words, if I find some 
evidence of gene frequency from family studies, then I should find 


this other relationship also. 


Lindzey; Let me ask you a semi-serious, but loaded question abcut 
the gene frequency issue. What conceivable difference can it make 
to a psychologist how ma 
attribute? I'm not denying that there is certain elegance and a pure 
science aspect and all that, but as a psychologist what difference 


does it make? 


Stafford: First of all, if my hypothesis is true that there is an under- 
lying dichotomy ina particular trait, I should be able sooner or later 
to design a test that will pull these groups apart, so that we will 
get a bimodal distribution. It’s not what you usually get when you 
look at test scores, you usually get a distribution of unimodal kind 
albeit skewed. I would like to do that with a spatial ability test 
where perhaps we might expect an underlying dichotomy. In 


ny genes are acting on a_ behavioral 
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order to do this we’ve got to take the items at a specific level of 
difficulty; if I estimated a gene frequency of 40%, then I’m going to 
start taking items at the 40% level of difficulty and I'm going to build 
a whole test on them to try and pull people apart at that point. 
One practical use for such a test would be in counseling. We have 
found that students who scored low on a spatial ability test just do 
not stay in the sciences and engineering. A tremendous number of 
students are leaving engineering, or the sciences; and the bulk of 
them score below average on such tests. If I felt more confident 
that there was real underlying genetic dichotomy which had a de- 
marcation line, and knew something about the percentages passing 
above and below that line, I would feel a little more confident 
in advising counselors what to tell the students, 


Lindzey: Well, that immediately makes me think of an unpublished 
finding of Eckhart Hess. It is tied to the proposal of looking for 
correlates with the color of the eye. First of all, Hess compared the 
distribution of blue and brown eyes on such simple behavioral 
characters, or choice responses, as undergraduate major, whether 
humanities, social sciences, mathematics, natural sciences, etc. The 
distribution is very significantly different in these soft, humanistic, 
tender areas as opposed with tough, analytic “scientific” areas, 
with the blue eyes going with the science major. The other finding 
is a very interesting one. Dr. Vandenberg and I discovered the 
other day that he has an interest in the old Thurstone color- 
form test, as does Hess, Vandenberg and Hess independently dis: 
covered the response set flaw in Thurstone’s test. Hess's film 18 
a modification of that test in which he took out the source 0 
error, the error variance, He has very interesting findings regarding 
a significant difference between color-form preference between 
these two eye groups, the brown eye group being essentially color 
oriented. Another interesting item, ‘mnrelated to the eye color ee 
ness, concerns Hess’ question whether there is directionality to sand 
activation of the dilation of the pupil. In other words, does a person 
dilate the pupil in the face of adversive stimuli as well as in the ae 
of appetitive stimuli? If every important stimulus leads to dilatio? 
then dilation is psychologically not a very useful variable. But Hess 
reports that when you present noxious stimulation you get i 
striction of the pupil. He has done studies of homosexual a” 
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normal men with pictures of naked women; with predicted results 
of constriction of the iris on the part of the homosexuals and dilation 
on the part of the normals. I would say that this is potentially an 
enormously interesting variable and one which does have a simplic- 
ity in terms of the underlying mechanisms, so you would not have 
to be concerned with the possibility of various kinds of genetic 
variations. 

Cattell: This intrigues me very much, because about 15 years ago 
I published a paper which was a by-product, an aside, in which I 
recorded a statistically significant connection between eye color and 
rigidity measures and interests in arts versus sciences. 

Lindzey: Is it in the same direction? 


Cattell: Yes, it is in the same direction; the scientific interest was 
more in the light-eyed group and the arts interest more in the dark- 


eyed group and rigidity was higher on the dark-eyed group. It was 
a syndrome of eye-color, rigidity, and interest. It doesn’t make any 


Sense theoretically. 

Freedman: One thing, of course, that is a little bothersome is a 
culture which is quite uniform for eye color and you find artists and 
scientists there. 

Lasker: Has intra-sibship variation been looked at? Within the same 
family? 

Lindzey: No. 

Freedman: One of the problems, as I see it here, is that in many 
Cases you have cultural inheritance following very closely the po- 
tential genetic inheritance. Schizophrenia is a perfect example of 
that—if you have two schizophrenic parents your chances of being 


Schizophrenic are much higher than if you had one. Well, you can 
interpret that genetically but you can just as well interpret that 


from the familial point of view. 

Lasker: But you have a pretty good chance of separating them if 
You took color variation within a family. 

Lindzey: You are implying that it is the kind of character which you 


can hope to give you a solution to this problem, whereas if you are 
Working with something that is linked to language development, 


332, GENERAL DISCUSSION 


then how do you ever really try to untangle these two sources of 
variations. Let me make one other related comment. It should not 
be surprising to get variation in personality in a group of individuals 
with no variation in eye color. This goes back to the genotype-en- 
vironment interaction which has to be underlined and underlined 
over and over again because behavioral scientists do think in terms 
of genetic characters and environmental characters, so that you can 
pick up hundreds of books and find descriptions of eye color and 
many other attributes as genetically determined characters which is 
nonsense. If a geneticist talked that way it would be a shorthand 
method of speech and he would know full well that he didn’t mean 
it, it wouldn’t really be implying what the terms mean to a psychol- 
ogist. With inbred animals, psychologists who are not involved in 
genetics of behavior, conventionally expect that if you take so- 
called homozygous strains in which genetic variation has been 
tremendously reduced you are automatically reducing variation at 
the behavioral level. In other words, if you work with an isogenic 
strain, and you are studying learning, you would be throwing out 
all the error variance which used to be there, and therefore it would 
be much easier to establish firm empirical relationships and get 
significance. Of course, this is anything but the case; when you look 
at the variance in behavior of the inbred strains in comparison to 
various kinds of outbred strains very often the reverse situation ob- 
tains. In spite of the reduction in genetic contribution to the vat 
ance, the inbred strain will often be more variable than the 
heterozygous animal, for a complex set of reasons which are all 
related to the genotype-environment interaction. 


Freedman: Yes, but I think that you are slightly overstating that. 
We know that while the C57 strain of Bar Harbor mouse is highly 
affected by the environment, as in Ginsberg’s experiments in which 
he finds that the slightest variation in how one handles the C57 
makes a difference, this is not the case with the CH3 strain. 


Lindzey: What I would say is that the buffering or stability of me 
difference in the responsiveness to environmental variation aoe 
inbred strains is much less than the buffering that goes with 
heterzygosity in an outbred animal, and this is a problem which 
actually led me to look into this whole issue. I have been dealing 
with genotype-environment interactions in inbred strains; and there 
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is no question that there are differences in the responsiveness 
to environmental variation, but the amount of difference between 
inbred strains is much less than the amount of difference between 
aninbred strain and an outbred strain. 


Guttman: Which means that the inbreeding has produced a sen- 
sitivity, by the fact of its homozygosity, to stimuli; is that what 
you would say? 


Lasker: You have another dimension, if your non-inbred strain is a 


wild type. 


Lindzey: I'm talking about F,’s, F.’s and so on, animals that can 
reproduce from this genetic strain. 


Lasker: I’m concerned because the wild type receive a new 
stability from the evolutionary perspective, from a history of adap- 
tion, 


Lindzey: Your point about the difference between the C57 mice 
and the others is still an argument for the genotype-environment 
interaction. Here’s the C57 genotype and here’s the CH3 and you 
are saying that depending upon the genotype a particular set of 
environmental factors is going to have a big or little effect. 


Stafford: I want to comment on the Hess study since I was a sub- 
ject in this experiment. I was a little bit uneasy. He asked the class, 
“How many think that behavioral traits can be inherited? Hold 
your hands up,” and he found that more people with blue eyes than 
brown eyes believe this. In our group it was quite extreme, there 
was only one brown-eyed person and there were 5 or 6 of us who 
were blue-eyed raising our hands. I became interested and went 
to see him and said, “I’d like to do something with your data, you've 
never published anything,” etc., but he was very reluctant and 
to my knowledge has never reported this. 


Lindzey: I think his reluctance in the area is the obvious reluctance 
in this country and perhaps in any democratic society, to report 
data which can be used by race fanatics; which is like Dobzansky’s 
criticism of Coon, i.e. his theories about human evolution are going 
to be used by racists, and they are. There is no question that in 
America there are data that bear upon issues of this sort, but which 
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are suppressed either because people are personally displeased by 
it, or they are professionally concerned about the implications. It’s a 
little bit like doing ESP research on the side. There are some psy- 
chologists who are playing around with ESP, but they don’t publish 
it. They believe that there really is something there, but they 
wouldn't publish data because it would get them into trouble. The 
same thing is true in terms of something like blue and dark eyes. 
The question of Jewish versus non-Jewish intelligence is another 
fascinating problem of great relevance to the topic we are discuss- 
ing here. How much is there in the literature on this? How many 
good, hard reportings of what every single person who has dealt 
with college students knows? There’s very little; and it is not 
reported for the same good democratic, but bad scientific values. 


Freedman: Yes, but there may be another reason why this blue- 
eyed business has not been published; simply because it has too 
many holes in it. I think that that has to be considered too. 


Lindzey: No, there is an array of psychological journals so you can 
publish anything, and in just the small scale study which Hess did 
at the Center, in which I was a subject, the differences were eX- 
tremely large. I would say that it could have been published as @ 
note somewhere. 


Freedman: I would like to hear some geneticist say what the po- 
tential is for association of a series of behavioral traits with such @ 
thing as eye color. This is the same problem which one faces in the 


logic of Sheldon’s notions of a particular somatotype being con- 
nected with behavior. 


Guttman: Dr. Fuller had a nice page about different types of 
associations between characters, and there are really so many rea- 
sons for association. Why is cancer associated with blood group oP 
We don’t know! Association is not the right word really, there us 
just a percentage above the ordinary incidence. Linkage is a dif- 
ferent story! Things are linked when they are on the same chromo- 
some, When things are associated, possibly for some evolutionary 
chance reason, it is a very nice thing to study; but “Why, is this 
specifically associated with that?” is a question we cannot answéT 
at this point. There may be no causal relationship. 
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Freedman: According to Paul Scott, who went over the animal 
material, there is only one case of specific association of a physical 
trait with a behavioral trait in animals that has been demon- 
strated. It is a mouse which has a neurological pattern and also 
has a certain coat color; that’s the only definite demonstration. 


Lindzey: Even if you include Drosophila? Did you say mammal? 
Or did you say animal? 


Guttman: Even in mice there are many more. 


Freedman: In Drosophila there's the so-called yellow gene with a 
certain mating behavior, but that’s a very difficult study that has 
never been replicated. 

Guttman: That’s not so! There are twenty linkage maps of the 
mouse chromosome and behavioral traits are all over the place. 


Lindzey: I think they are all pathological without an exception. 
I was talking to Dr. Fuller about it. We have what looks like clear 
mapping of water escape learning near the albinism gene, which 
would be just the kind of thing that you are talking about. Dr. 
Fuller says that he doesn’t know about any normal character. 


Guttman: This still does not imply a causal relationship. 
n’t like to talk about causes. The 


question is whether there is a steady predictable relationship that 
Stands up against all the kinds of genetic analyses. If you perform 
the standard crosses and these two variables stay together as pre- 
dicted and go apart when predicted; whether you want to call it 
cause or not, there is an association. In any case, the absence 
of these associations, so far, can not be generalized to a statement 
that they don’t exist. The behavior of the mouse has hardly been 
studied. Who’s studied the behavior of the mouse? It’s only in the 
last 10 years that anybody has been interested in it. 


Lindzey: No, and I really do 


Harris; The two main concepts which we can use to explain these 
Associations between a marker gene and a quantitative trait would 
be (1) pleiotropy, this marker gene has, through its gene product, 
4n influence upon this quantitative trait besides the visible qualita- 
tive trait, and (2) linkage disequilibrium in the population. If we 
have a true random mating population, of course, we don’t have 


336 GENERAL DISCUSSION 


these linkage disequilibriums. Even though there may be a locus 
which affects the quantitative trait quite closely linked, these traits 
would be combined at random so you wouldn't pick up an asso- 
ciation. If you form a population by combining two populations, 
you would have this linkage disequilibrium between pairs of loci on 
the same chromosome. 


Lindzey: Linkage couldn't be of great interest to a psychologist 
interested in behavior genetics. Is it not guaranteed that whatever 
the characters are, they are going to be pulled apart over time in a 
random breeding population? 


Harris: Yes, this linkage disequilibrium is a very temporary thing, 
and, as you continue the random mating, it will disappear. 


Lindzey: So it is of passing interest. 
Guttman: It could be a tool for studying change. 


Cattell: In that connection, I think my data are rather clear be- 
cause I had a culturally highly homogeneous group, British uni- 
versity students, and there was very little minority representation. 
There had been group separation for a long, long time. Still, eye 
coloring and rigidity connected statistically. I never followed it up. 
I just put it aside as a curiosity which did not fit any theory. 


Lasker: What was it that was associated with the eye color? 


Cattell: A measure of perceptual and motor rigidity in switching 
over from one thing to another. 


Vandenberg: At the conclusion of this conference, I want to thank 
all the participants, the National Institutes of Health for making 
this possible, and Mrs. Long and Mrs. Gliessner for their able assist- 
ance. I hope that you all feel as I do that this exchange of ideas 


has been very valuable and has given each of us new enthusiasm. 
Thank you again. 
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